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CRYSTAL STRUCTURE OF DEFECTIVE LAMELLAR MINERALS AND 
THEIR X-RAY IDENTIFICATION: ENVIRONMENTAL IMPLICATIONS

Bruno Lanson (1)*, Eric FErragE (2)
(1) ISTerre, CNRS - Univ. Grenoble-Alpes, Grenoble, France - Bruno.lanson@univ-grenoble-alpes.fr, (2) IC2MP, CNRS - 
Univ. Poitiers, Poitiers, France

Layered minerals and materials are ubiquitous and characterized by the frequent occurrence of stacking defects 
that are key to their reactivity. These defects range from local defects such as isomorphous substitutions, layer 
vacancies, or atomic displacements, to random or well-defined stacking faults induced by non-periodic layer rota-
tions, translations or twinning, and to mixed layering resulting from the coexistence within a given crystal of lay-
ers having different structure, thickness, or interlayer displacement. The occurrence of stacking faults in lamellar 
structures is favoured by the energetic similarity of the different stacking modes, owing to the weak interactions 
between adjacent layers. In addition, layered materials and minerals often exhibit minute crystal sizes that may 
be considered as an additional type of defect because of the induced disruption of the three-dimensional crystal 
periodicity.

To determine, control, or predict mineral / material reactivity a detailed structural characterization of layered 
structures, including structure defects, is thus essential, and X-ray diffraction (XRD) has been the preferred meth-
od of investigation for this purpose. However, as a result of their non-periodicity or their reduced periodicity, the 
diffraction maxima recorded from these compounds do not strictly obey Bragg’s law, thus hampering the use of 
conventional diffraction approaches. Profiles and intensities of diffraction maxima are affected by the nature, 
content, and distribution of structure defects, however, thus allowing the determination of these parameters with 
diffraction techniques and specific algorithms have been developed.

From the results of a few examples, this presentation will outline how our understanding of defective structures 
and mixed layers has improved over the last decade or so and describe some of the new perspectives opened by 
this improvement, with special emphasis on the induced reactivity.
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SOIL CARBON SEQUESTRATION: A NEW PARADIGM FOR 
ENVIRONMENTAL APPLICATION OF CLAY MINERALS

BaLwant singh

School of Life and Environmental Sciences, University of Sydney, Sydney, NSW 2006, Australia

The useful properties of clays and/or clay minerals have been known since pre-historic times. Clays are naturally 
occurring materials composed primarily of fine-grained minerals usually less than 2 to 4 mm whereas clay minerals 
refer to phyllosilicate minerals and other minerals which impart plasticity to clay and which harden upon drying 
or firing [1].

Clay minerals possess several unique properties, such as fine particle size, large specific surface area and perma-
nent and variable surface charge, which makes them ideal for various environmental applications. Additionally, 
clay minerals are widely available, occur in vast amounts and are relatively inexpensive. The environmental appli-
cations of clay minerals are extensive and wide ranging, e.g. industrial processes, agriculture, construction and 
environmental protection. In the last few decades the relevance of clay minerals in soil carbon storage has 
been recognised. Mineral associated carbon accounts for up to 91% of the total soil carbon and thus plays an 
important role in the cycling and storage of carbon in soils [2]. Soil is the largest terrestrial carbon pool contain-
ing more than twice the carbon of the atmosphere [3]. Hence, small increases in the flux of soil carbon may result 
in greater atmospheric CO2 concentrations and associated global warming. This talk will explore the processes and 
mechanisms of organic carbon and mineral associations in soils in relation to carbon sequestration in soils. The 
factors that affect the mineral-carbon associations in soils will be discussed using laboratory and field examples.

[1] Guggenhein S., Martin R.T. (1995). Definition of clay and clay mineral. Joint Report of the AIPEA Nomenclature and CMS Nomenclature 
Commitees. Clays and Clay Minerals, 43, 255-256.

[2] Kleber M., Eusterhues K., Keiluweit M., Mikutta C., Mikutta R., Nico, P.S. (2015). Mineral-organic associations: formation, properties, 
and relevance in soil environments. Advances in Agronomy, 130, 1-140.

[3] Ciais P., Sabine C., Bala, G., Bopp L., Brovkin V., Canadell J., Chhabra A., De Fries R., Galloway J., Heimann M., Jones C., Le Quéré 
C., Myneni R.B., Piao S., Thornton P. (2013). Carbon and Other Biogeochemical Cycles. In: Climate Change 2013: The Physical Science 
Basis. Contribution of Working Group I to the Fifth Assessment Report of the Intergovernmental Panel on Climate Change [Stocker, T.F., 
D. Qin, G.-K. Plattner, M. Tignor, S.K. Allen, J. Boschung, A. Nauels, Y. Xia, V. Bex and P.M. Midgley (eds.)]. Cambridge University 
Press, Cambridge, United Kingdom and New York, NY, USA, pp. 465-570. doi:10.1017/CBO9781107415324.015.



Scientific Research Abstracts
Vol. 7, p. 3, 2017
ISSN 2464-9147 (Online)
XVI International Clay Conference | ICC 2017 | Granada, Spain
© Author(s) 2017. CC Attribution 3.0 License

NEXT GENERATION OF ADVANCED MATERIALS DERIVED FROM CLAY 
MINERALS

Eduardo ruiz-hitzky

Instituto de Ciencia de Materiales de Madrid, CSIC, c/ Sor Juana Inés de la Cruz 3, 28049 Madrid, Spain 
eduardo@icmm.csic.es

Since many centuries ago, humans have largely used day-to-day clay-based materials as clays represent an abundant, 
wide-spread, cheap, eco-friendly and versatile resource in Earth. Building materials, pottery, pencils and tablets 
for writing, and a huge variety of decorative products, are examples of world-wide traditional clay-based objects. 
Nowadays, at the High-Tec Era and at the Information Age, clays still play a significant role in current life addressed 
to the development of the so-called advanced materials based on these minerals. As it is well known, in the current 
global economy, most of the materials advancements are directly derived from a knowledge-based society. Particularly, 
research on clay minerals represents a paradigmatic field where Natural Sciences such as Geology, Physics, Chemistry 
and Biology, and Applied Sciences such as Materials Science and Engineering meet. Taking into account these 
features it arise the following key question: how can we create new clay-based advanced materials? To answer that 
question, it should be considered that as occurs with other type of low-dimensional inorganic colloidal particles, 
advanced materials derived from clay minerals could be developed under the Nanoscience and Nanotechnology 
concepts, in particular on the basis of the Nanoarchitectonics discipline [1]. In this way, novel approaches are being 
applying using this natural resource in a rational and ecological way to prepare nanostructured materials deserving 
diverse type of applications from energy production and storage to pharmaceutical and biomedicine fields. Recent 
contributions from our Group at the Materials Science Institute of Madrid (CSIC) related to diverse clay-based 
nanostructured materials will be introduced in this lecture and discussed on light of their promising future usages. 
For instance, smectites and sepiolite clay minerals deserve as starting building units that can be assembled to diverse 
metal and metal-oxide nanoparticles (NPs) for the design and preparation of highly-efficient adsorbents and catalysts, 
provided in some cases of superparamagnetic behavior giving rise to multifunctional materials useful for its easy 
recovery upon use. This type of nanoarchitectures can be applied in the elimination of pollutants such as organic 
dyes, radionuclides, pesticides and drugs in wastewater [2-5]. Furthermore, the assembly of carbon-nanoparticles, 
such as graphene and carbon nanotubes, to clay minerals can be achieved either by their direct combination under 
sonomechanical treatments or by the in situ generation of the carbon material from sucrose and other biomass sources. 
The resulting supported carbon materials exhibit good electrical conductivity and there is not necessary the removal 
of the silicate substrate for diverse applications, including clean energy production and storage, sensor devices as 
well as fillers of polymers for the development of conducting polymer-clay minerals nanocomposites [6,7]. Finally, 
by means of clay-organic interactions it can be prepared as well diverse biohybrids and bionanocomposites provided 
of specific and predetermined behaviors of interest in the removal of pollutants, controlled drug delivery, sensing 
agents for selective ion-recognition, immobilization and carrier of virus particles for improved adjuvant of vaccines 
[8], or as non-viral transfection vectors of nucleic acids [9].

Acknowledgements: MINECO (Spain, projects MAT2012-31759 & MAT2015-71117-R) and the EU COST Action MP1202.

[1] M. Aono, K. Ariga (2016). The way to nanoarchitectonics and the way of nanoarchitectonics, Adv. Mater. 28, 989-992.
[2] Y. González-Alfaro, P. Aranda, F.M. Fernandes, B. Wicklein, M. Darder, E. Ruiz-Hitzky (2011). Multifunctional porous materials through 

ferrofluids, Adv. Mater. 23, 5224-5228.
[3] M. Darder, Y. González-Alfaro, P. Aranda, E. Ruiz-Hitzky (2014). Silicate-based multifunctional nanostructured materials with magnetite 

and Prussian blue: application to cesium uptake, RSC Adv. 4, 35415-35421.
[4] P. Aranda, R. Kun, M.A. Martín-Luengo, S. Letaïef, I. Dékány, E. Ruiz-Hitzky (2008). Titania-sepiolite nanocomposites prepared by a 

surfactant templating colloidal route, Chem. Mater. 20, 84-89.
[5] M. Akkari, P. Aranda, H. Ben Rhaiem, A. Ben Haj Amara, E. Ruiz-Hitzky (2016). ZnO/clay nanoarchitectures: synthesis, characterization 

and evaluation as photocatalysts, App. Clay Sci., 131, 131-139.
[6] E. Ruiz-Hitzky, M. Darder, F.M. Fernandes, E. Zatile, F.J. Palomares, P. Aranda (2011). Supported graphene from natural resources: easy 

preparation and applications, Adv. Mater. 23, 5250-5255.
[7] E. Ruiz-Hitzky, M.M.C. Sobral, A. Gómez-Avilés, C. Nunes, C. Ruiz-García, P. Ferreira, P. Aranda (2016). Clay-graphene nanoplatelets 

functional conducting composites, Adv. Funct. Mater. 26, 7394-7405.
[8] E. Ruiz-Hitzky, M. Darder, F.M. Fernandes, B. Wicklein, A.C.S. Alcântara, P. Aranda (2013). Bionanocomposites based on fibrous clays, 

Progr. Polym. Sci. 38,1392-1414.
[9] F.A. Castro-Smirnov, O. Piétrement, P. Aranda, J.R. Bertrand, J. Ayache, E. Le Cam, Ruiz- E. Hitzky, B.S. Lopez, (2016). Physical in-

teractions between DNA and sepiolite nanofibers, and potential application for DNA transfer into mammalian cells, Sci. Rep. 6, 36341; 
doi: 10.1038/srep36341.
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CLIMATE SIGNIFICANCE OF CLAY VARIABILITY IN SEDIMENTS

FagEL nathaLiE

AGEs - Argiles, Géochimie et Environnement sédimentaires, Département de Géologie, Université de Liège, Quartier Agora, 
14 Allée du 6 Août, Sart-Tilman 4000 Liège, Belgium 
nathalie.fagel@ulg.ac.be

Paleoclimate reconstructions are derived from the interpretation of temporal series of various sedimentary proxies 
(e.g., fauna, flora, mineralogy, chemistry, isotopic composition). Among these, marine or lacustrine sedimentary 
clays can be powerful tools (Fig. 1) for continental climatic reconstructions [1]. However, paleoclimate interpreta-
tion of clay mineral data requires to fulfil two main assumptions:

1) clays must be detrital in origin, representing primary (inherited clays) or secondary products of continental 
weathering and pedogenesis (transformed or neoformed clays);

2) they must not be significantly altered by diagenesis.

In most cases the geochemical signature of the clays allows to decipher between detrital clay minerals delivered 
by continental heritage or authigenic clays formed by chemical precipitation from a saturated solution (e.g., hy-
drothermalism [2]). Likely diagenesis influence may be evidence by the progressive evolution of clay mineral as-
semblages over burial depth, leading to a simple mineral assemblage mainly illite and/or chlorite [3]. Deciphering 
climate significance in detrital sedimentary clays first requires to identify both the source areas and the principal 
transport agents. For this purpose the mineralogical and geochemical (trace elements and radiogenic isotopes) 
composition of the sedimentary clays may be compared with the average composition of the adjacent surroundings 
to identify the main continental source areas and therefore, but indirectly, the transport agent [4,5].

From the sixties, down-core variations in marine clay mineral assemblages have been interpreted in terms of 
changes in the climate conditions prevailing in the continental source areas and have been widely used to recon-
struct paleoclimates [3,6]. The clay proxy was set from the latitudinal, climate-driven, clay minerals distribution 
trends observed in deep-sea floor sediments [7]. Over the last decades climate significance of qualitative and 

Detrital clays

Climate
Information

Sedimentary
basin

Fig. 1. The clay tool box (modified from Fagel 2007). The 
diagram presents the evolution of the detrital clay minerals 
through the sedimentary cycle, from their formation in con-
tinental watersheds (steps 1-2) to their transport (steps 3-4) 
and settling in sedimentary basins (steps 5-6). In the sedi-
ments, the evolution of the detrital clay assemblages over 
depth/time reflects the changes of the weathering conditions 
in the adjacent watershed, allowing to infer past climate in-
formation.
1. Physical weathering = primary or inherited clays. 2. 
Chemical weathering = secondary, transformed or neofor-
med, clays.
3. Transport by river.
4. Transport by wind.
5. Current redistribution.
6. Sedimentary settling through water column.
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(semi-)quantitative evolution of clay assemblages has been emphasized in many studies of marine sediments. 
For instance the alternations of two contrasted clay mineral assemblages, expressed by clay mineral ratio, have 
been used to trace seasonal direction changes of transport agent related to monsoon circulation in Arabian Sea [8], 
Central Indian Basin [9] like in South China Sea [10]. In the Arabian Sea basin, fluctuations in clay assemblages 
reflect the periodic inversion of atmospheric circulation related to monsoon: different clay species are conveyed 
either by the summer monsoon from the deserts of Somalia or by the winter monsoon from the Indus Plain. The 
spectral analysis of clayey parameters indicates orbital-like periodicities, confirming the climate control of the clay 
sedimentation. Over glacial/interglacial cycles, the clay variability usually reflects changes in oceanic circulation 
[11-12]. This assumption is supported by the similitude between clay assemblages in surface sediments and water 
mass distribution, as evidenced in North [5], Subtropical [13], and South Atlantic [14] and in the southeast Indian 
oceans [15].

In lakes, a few studies, in particular on Lake Baikal, have also emphasized that clay mineral variability record, as 
sedimentary diatom abundance, glacial/interglacial cycles [16-18]. The climate significance of clay assemblages 
is attested by a bimodal clay-data distribution in agreement with different clay sources and/or formation processes 
between glacial and interglacial periods. The climate interpretation of clay assemblages was mainly based on the 
evolution of the smectite/illite ratio [19-20] and/or of smectite abundance [17]. Those clay parameters were used 
as proxies for hydrolysing conditions [21] in the lake watershed assuming that all smectites result from soil pe-
dogenesis processes in the catchment.

In the talk, the clay tool box-based discussions will be presented for different sedimentary settings. The aim is to 
emphasize that sedimentary clay assemblages may record climate variability at different timescales and represent 
therefore an interesting proxy for paleoclimate reconstructions.

[1] Fagel 2007. In: Hillaire-Marcel & de Vernal. (Eds.), Paleoceanography of Late Cenozoic, Vol. 1: Methods, Elservier, Amsterdam, 139-184.
[2] Fagel et al. 1992. Sedimentary Geology, 80, 27-40.
[3] Chamley 1989. Clay Sedimentology. Springer-Verlag, Berlin. 623pp.
[4] Fagel et al., 1997. Paleoceanography 12, 79-96.
[5] Fagel et al. 2004. Paleoceanography 19, doi:10.1029/2003PA000993.
[6] Singer 1984. Earth Science Rev. 21, 251-293.
[7] Biscaye 1965. Geol. Soc. Amer. Bull. 76, 803-832.
[8] Fagel et al 1992. Oceanologica Acta 15(2), 125-136.
[9] Fagel et al. 1994. Mar. Geology 122, 151-172.
[10] Liu et al. 2003. Mar Geology 201, 133-146.
[11] Fagel and Hillaire-Marcel 2006. Mar. Geology 232, 87-99.
[12] Fagel et al. 2014. Quatern. Sci. Rev. 92,140-154.
[13] Gingele et al. 1999 Paleoceanography 14, 84-95.
[14] Petschick et al. 1996. Mar. Geology 130, 203-229.
[15] Gingele et al. 2001. Austr. J. Earth Sci. 48, 867-874
[16] Yuretich et al., 1999. J. Sediment. Res. 69, 588-596.
[17] Fagel and Boës 2008. Paleogeogr., Paleoecol., Paleoclim., 259 (2-3), 244-257.
[18] Fagel and Mackay 2008. Paleogeogr., Paleoecol., Paleoclim., 259 (2-3), 230-343.
[19] Horiuchi et al., 2000. Palaeogeogr., Palaeoclim., Palaeoecol. 157, 95-108.
[20] Solotchina et al. 2002. Clay Min.37, 105-119.
[21] Thorez 1985. Mineral. Petrogr. Acta 29, 313-338.
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THE NATURE OF ILLITIC SUBSTITUTION IN WHITE MICAS

FErnando niEto (1), isaBEL aBad (2)*
(1) Departamento de Mineralogía y Petrología and IACT (CSIC-UGR), Facultad de Ciencias, Universidad de Granada, Avda. 
Fuentenueva s/n, 18002 Granada, Spain, (2) Departamento de Geología and CEACTierra, Unidad Asociada IACT (CSIC-
UGR), Universidad de Jaén, Campus Las Lagunillas s/n, 23071 Jaén, Spain 
*miabad@ujaen.es

Illitic substitution is a significant component in low-temperature micas where it is common to find K-mica crystals 
with small but significant deficits in interlayer charge. According to the IMA, the term illite should be used to des-
ignate interlayer-cation-deficient (<0.85 a.f.u.) micas as a name of a series consisting of a coupled substitution of 
(SiAl-1) in the tetrahedral site and of (vacancy K-1) in the interlayer site (Rieder et al., 1998).

When mica formulae are calculated, the most common method is on the basis of O10(OH)2 a.p.f.u., which, in prac-
tice, is equivalent to 22 negative charges, due to the lack of information about water content. The calculated factor 
for the normalization depends, therefore, on the assumption of a given Fe2+/Fe3+ ratio and is inevitably affected 
by the lack of data about some positive cations. As H3O

+ and NH+
4 cannot be routinely determined, the overall 

calculated positive charge is smaller than the real one and the rest of the cations are artificially overestimated, 
producing octahedral sums >2. However, when the excess water is assumed to fill the interlayer sites in the form 
of H3O

+, the octahedral sheet is very close to 2. The partially refined Rietveld model of illite published by Nieto et 
al. (2010) showed in particular, that the attempts to introduce octahedral cations in excess of 2 were fruitless and 
a water loss in the region of 263 ºC exactly corresponded to the theoretical content in H3O

+, justifying the excess 
water measured by Hower and Mowatt (1966). Computational studies have shown that the hydronium cations in 
aqueous solutions are likely to be intercalated in the interlayer space of illite, exchanging for K cations and IR vi-
bration spectra frequencies revealed that the hydronium cations and water molecules interact strongly with basal O 
atoms through H bonds forming a silanol-type complex Si-O-H (Escamilla-Roa et al., 2016). On the basis of these 
previous results, which consider that the real nature of the illitic substitution is (K-1 H3O

+) and/or (K-1 O-1 OH-) the 
conclusion is that the appropriate normalization may necessitate fixing of the sum of tetrahedral and octahedral 
(iv+vi) cations to six.

We have renormalized to 6 (iv+vi) cations the compilation by Abad et al. (2006) of high-quality in-situ analyses 
of coexistent illites and muscovites from clastic materials of various diagenetic and very low-grade metamorphic 
sequences generated in different geodynamic settings. From bivariate diagrams relating respectively Si/interlayer 
sum, Si/Fe+Mg and Al/Fe+Mg, we have obtained the following conclusions:

No correlation exists between Si and interlayer sum (R2 = 0.16), that is, the interlayer deficit is not compensated 
by an increase in Si. The correlation coefficient was only slightly better for the formulae normalized, according 
to the traditional criterion, to O10(OH)2 a.p.f.u, due to the artifactual increase of Si motivated by a charge deficit, 
which was produced, in turn, by the lack of information about other cations as H3O

+ and NH4
+. In the Si/Fe+Mg 

diagram the most of the data fall upward the line representing the theoretical phengitic substitution. Therefore, a 
significant part of Fe must be present as Fe3+. The diagram Al/Fe+Mg shows the best correlation (R2 = 0.68) due to 
the combined effect of the phengitic (Si, Al-1; Fe+Mg, Al-1) and ferriceladonitic substitutions (Al-1 Fe3+).

In conclusion, even accepting a possible small di-trioctahedral substitution, higher error is introduced in charge-
based normalization criteria (due to numerous source of errors) than in the proposed criterion based on (iv+vi) 
cations = 6.

[1] Abad I., Nieto F., Gutierrez-Alonso G., Do Campo M., Lopez-Munguira A., Velilla N. (2006). Illitic substitution in micas of very low-
grade metamorphic clastic rocks. European Journal of Mineralogy, 18, 59-69.

[2] Escamilla Roa E., Nieto F., Sainz-Díaz I. (2016). Stability of the hydronium cation in the structure of the illite. Clays and Clay Minerals, 
64, 413-424.

[3] Hower J., Mowatt T.C. (1966). Mineralogy of illites and mixed-layer illite/montmorillonites. American Mineralogist, 51, 825-854.
[4] Nieto F., Mellini M., Abad I. (2010). The role of H3O

+ in the structure of illite. Clays and Clay Minerals, 58, 238-246.
[5] Rieder M., Cavazzini G., D’Yakonov Y.S., Kamanetskii V.A.F., Gottardi G., Guggenheim S., Koval P.K., Müller G., Neiva A.M.R., 

Radoslovich E.W., Robert J.L., Sassi F.P., Takeda H., Weiss Z., Wones D.R. (1998). Nomenclature of the micas. Canadian Mineralogist, 
36, 1-8.
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DISPERSION POTENTIAL AND BIOLOGICAL AND CHEMICAL 
STABILIZATION OF BENTONITE, SEPIOLITE, AND KAOLIN CLAYEY 
SOILS

Hakime abbaslou (1) ⃰ , soHeila sadat HasHemi (2), Hojat Hadifard (3)
(1) Assistant professor in Civil Engineering Department, Sirjan University of Technology. Sirjan, Iran, (2) Assistant professor 
in Soil Sciences Department, Malayer University. Malayer, Iran, (3) MSc. student in Hydraulic structures, Civil Engineering 
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Clay Soil is often used in construction of hydraulic structures particularly core of earthen dams, cutoff walls, 
grouting curtains, covering channels due to its swelling properties, low permeability and abundance in the nature. 
One of the most important issues that should be considered in the civil engineering projects is dispersivity of clay 
soils. Dispersive soils, as a problematic soil for different applications, are prevalent over wide areas of the world, 
especially in arid and semi-arid regions. Dispersive soils are comprised from clays particles contain high content 
of sodium ion in their adsorptive ions that can be easily washed by the waters with low salt contents [1]. Amongst 
the most obvious of the factors affecting the dispersion and migration of clays are particularly their spatial arrange-
ment in relation to the fabric, their micro-aggregate structure, morphology, surface area, porosity and particle size 
distribution. It may be noted, however, that generally the clay minerals of most interest with regard to fines mi-
gration have formed during diagenesis [2]. Bentonite, kaolin, and fibrous (sepiolite) clay soils are among the most 
important and useful industrial materials. Therefore, three clay soils of bentonite, kaolin and sepiolite were chosen 
to investigate dispersivity potential by adding 4 percent dispersive materials (Sodium hexamethaphosphate) and 
performing shear strength, crumb, double hydrometer, pinhole tests and chemical experiments. Results showed 
Sodium Adsorption Ration changed in order of kaolin>sepiolite>bentonite. Stabilization practices using chemical 
and biological methods were done after soil divergence. CaCl2, CaSO4, AlCl3, Al2(SO4)3 were used for chemical 
stabilization and also Bacillus sphaericus and Bacillus pasteurii with two optical densities (1 and 2) were used 
as biological stabilizers. Bases on chemical properties, stabilization potential was in the order of kaolinite>sepo-
lite>bentonite. As a consequence, the role of Bacillus pasteurii on soil strength parameters was outstanding rather 
than Bacillus sphaericus. The role of calcium and aluminium cations were prominent in improving mechanical 
and dispersivity properties, respectively. Changes in soil characteristics during chemical treatment are likely due 
to the cation exchange Na+ with divalent cations like Ca2+ and trivalent cations like Al3+, reduction in the thickness 
of diffused double layer, and the subsequent reduction in the repulsive forces of the clay particles [3]. In a general 
conclusion, the biological stabilization treatments will be proposed as an efficient and eco-friendly choice for soil 
amelioration in regard with engineering, chemical and physical properties to reach sustainable development objec-
tives. Sarmast et al. [4] used bacterial species (Sporosarcina pasteurii and Sporosarcina ureae), for cementation 
of sand grains and infilling of pore spaces by CaCO3. Micromorphological observations showed a high degree of 
calcite crystals’ bridging, coating on sand particles and as well infilling of pore spaces. S. pasteurii is thus recom-
mended for being used in stabilization of sand dunes; due to its significant effects on CaCO3 deposition and as 
well on sand grain cementation.

[1] Abbaslou H., Hadifard H. Poorgohardi A. (2016). Characterization of dispersive problematic soils and engineering improvements: A 
review. Computations and Materials in Civil Engineering, 1, 65-83.

[2] Wilson MJ., Wilson L., a Patey, I. (2014). The influence of individual clay minerals on formation damage of reservoir sandstones: a crit-
ical review with some new insights. Clay Minerals, 49, 147-164.

[3] Vakili A., Selamat M., Moayedi H., Amani H. (2013). Stabilization of dispersive soils by pozzolan,” in Forensic Engineering 2012: Gate-
way to a Safer Tomorrow, pp. 726-735, American Society of Civil Engineers.

[4] Sarmast M., Farpoor, M.H., Sarcheshmehpoor M., Eghbal M.K. (2014). Micromorphological and Biocalcification Effects of Sporosarcina 
pasteurii and Sporosarcina ureae in Sandy Soil Columns. J. Agr. Sci. Tech. 16: 681-693.
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PLASTIC CONCRETE CUT-OFF WALLS IN EARTH DAMS: A 
PERSPECTIVE OF ARID ENVIRONMENT CLAY MINERAL RESOURCES

Hakime abbaslou ⃰ , amir tavana amlasHi, ali reza GHanizadeH

Civil Engineering Department, Sirjan University of Technology. Sirjan, Iran

Plastic concrete consists of aggregates, cement, water and clay, mixed at a high water cement ratio, to produce a 
ductile material [1]. It is used for creating an impermeable barrier (cut-off wall) for containment of contaminated 
sites or seepage control in highly permeable dam foundations. The effects of clay type and clay dosage on com-
pressive strength, tensile strength and water penetration depth of plastic concrete were investigated. To fulfillment 
the desired objectives, bentonite and sepiolite were selected in different perecent and cement factors. Also, dif-
ferent concentrations of cadmium adsorption by clays were assessed to address the best clay adsorption capacity. 
The results indicate that the clay type, clay dosage and water to binder ratio have great influence on the mechan-
ical properties of plastic concrete. There is a tendency of decrease in the compressive strength, splitting tensile 
strength of plastic concrete with the increase of water to binder ratio and clay dosage. To improve the resistance to 
deformation of cut-off walls constructed with plastic concrete, the low cement factor (200 kg cm-3 compared to 
280 kg cm-3) and 40 percent clay dosage can be selected to decrease the elastic modulus of plastic concrete in the 
practical design and applications of plastic concrete on condition that the plastic concrete has enough compressive 
strength and tensile strength. In addition to these findings, plastic concretes exhibit significant time-dependent 
behaviour similar to that observed for clays, and the variation of mechanical properties of concrete made with se-
piolite is comparable to concrete made with bentonite which can be recommended under the condition of available 
sepiolite material and seepage water with high contamination. Based on the results that have been obtained from 
experiments on plastic concrete samples which have various mixing plans, certain diagrams have been presented 
to obtain an ideal mixing plan for plastic concretes which result in determining a key relationship to be able to 
estimate an appropriate mixing of cut offs to control leakage under the dam. While under current situation, using 
these relationships to estimate the appropriate mixing for plastic concrete in order to control leakage under the dam 
is almost with amount of errors.

[1] ICOLD. (1995). Filling materials for watertight cut off walls, Bulletin No. 51, International Committee of Large Dams, Paris, France.
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THERMOCHRONOLOGY OF FAULT ACTIVITY FROM CLAY MINERALS 
(EXAMPLE OF PIC DE PORT VIEUX THRUST, PYRENEES, SPAIN)
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(1) UMR 6249 Chrono-environnement, Université Bourgogne Franche-Comté(UBFC), Besançon, France, (2) Géosciences 
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Pic-de-Port-Vieux thrust is a second-order thrust related to the major Gavarnie thrust in the Axial Zone of the 
Pyrenees. The footwall consists of Upper Cretaceous dolomitic limestone that has progressively transformed into 
mylonitic limestones near the fault contact, while the hanging-wall consists of lower Triassic red pelites and sand-
stones. The core zone of the fault hanging wall is composed of intensely foliated green pelites of 0.6 meter and the 
damage zone presents numerous fractures affecting several meters of red pelites. A transect in the hanging-wall 
was investigated to determine the clay mineralogical changes induced by deformation and attributed to the fault 
activity and to date the fault activity using synkinematic newly formed clay minerals.

Mica and chlorite are the two major phyllosilicates in the studied pelites (red and green pelites) identified by XRD 
analyses. Diagnostic reflections for mica polytypes indicate that muscovite 2M1 is the major polytype with a rel-
atively small amount of 1M. The Kübler index suggests high anchizone metamorphic conditions. These data are 
confirmed by temperature estimations using chlorite thermometry, i.e. the temperature of synkinematic chlorite 
(filling tectonic veins) is about 280-300 °C.

Five fractions (<0.5; 0.5-2; 2-16; 16-50 µm; bulk) from two samples (one in the core zone and another from the 
damage zone) were dated using the 40Ar/39Ar step-heating method. Each fraction was encapsulated in a quartz tube 
prior to irradiation. The 39Ar recoil was measured before the step heating experiment. The age of the finest fraction 
derived using total gas age is 37.39 ± 0.24 Ma, whereas the coarser fraction produces a staircase shaped spectrum 
that reaches a maximum age of 305.80 ± 1.47 Ma.

All clay fractions of the core zone samples have younger ages compared to the samples from the damage zone. 
This can be explained by recrystallization of younger mica in the sample strongly affected by deformation. SEM 
images confirm the occurrence of higher deformation microtextures in the core zone compared to the damage zone. 
Indeed, quartz pressure solution but also synkinematic mica recrystallization are observed.

Fault activity age estimation by correction methods developed by [1] and [2] will be discussed combining 40Ar/39Ar 
results with microstructures and clay characterization in the Pic the Port Vieux Thrust fault.

[1] Van der Pluijm, B.A., Hall, C.M., Vroilijk, P.J., Pevear, D.R. & Covey, M.C., (2001). The dating of shallow faults in the Earth’s crust. 
Nature, 412, 172-175.

[2] Fitz-Diaz, E., Hall, C.M. and van der Pluijm, B.A. (2016). XRD-based 40Ar/39Ar age correction for fine-grained illite, with application 
to folded carbonates in the Monterrey Salient (northern Mexico). Geochim. Cosmo. Acta, 181, 201-2166.
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DEFORMATION CONDITIONS REGISTRATED BY PHYLLOSILICATES IN 
A THRUST FAULT (PIC DE PORT VIEUX FAULT, PYRENEES)
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trinCal (3), patriCk monié (4)
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Geological Sciences, University of Bern, Bern, CH-3012, Switzerland, (3) Centre de recherche de l’école des Mines de 
Douai, Douai, 59508, France, (4) Géosciences Montpellier, Université de Montpellier, Montpellier, 34095, France

During the evolution of sedimentary basins, the composition, crystal structure and texture of clay minerals can 
change in response to burial diagenesis, tectonics activities, and interactions with fluids. Consequently clay min-
erals can be used to deduce the deformations mechanisms and the P-T-X conditions of tectonic events. The Pic de 
Port Vieux is a second-order thrust related to the major Gavarnie thrust in the Axial Zone of the Pyrenees. It jux-
taposes Triassic pelites of the hanging wall and Cretaceous limestone of the footwall. It was chosen to investigate 
the conditions of the deformation propagation in this area.

In order to determine the mineralogical and geochemical changes in the fault zone and to deduce the conditions 
of the fault activity, sampling was conducted along a transect in the thrust fault hanging wall pelites. The core 
fault zone is estimated to about 1meter thick. It is intensively foliated and characterized by the development of 
quartz-chlorite veins. It shows a green colour, whereas the damage zone is composed of several meters of red 
pelites. The difference in colour is related to hematite, only present in the damage zone. Pelite are mainly com-
posed of quartz, calcite and clay minerals (chlorite and mica) ± hematite.

Clay minerals of the damage zone are mainly inherited mica and chlorite. In the core zone, newly formed chlorite 
is aboundant and preferencially located in veins. It is more Fe-rich compared to chlorite from the red pelites. The 
well-defined foliation in the core zone is overlined by preferentially oriented mica grains which have homogene-
ous compositions, with less Na and relatively more Fe than mica from the red pelite.

Newly formed clay minerals (chlorite and mica) in the fault core zone are synkinematic to the fault activity. They 
are both related to deformation processes and fluid rock interactions. Therefore, we used Kübler index meas-
urement and chlorite thermometry to estimate the maximum temperature that occured during the fault activity: 
synkinematic clay minerals registrated temperature of 270°±50 °C for the damage zone and 285°±50 °C for the 
core zone.

Numerical modeling were then performed to determine the favorable conditions for the mineralogical transforma-
tions between red and green pelites. A serie of calculation at various redox and temperature conditions have been 
carried out using the geochemical modelling code PhreeqC. It suggests that the main critical parameter favoring 
hematite dissolution and chlorite précipation is the redox condition. Hematite dissolved under reducing conditions. 
Besides, the iron release by hematite dissolution can be used for iron-rich chlorite precipitation and mica transfor-
mation into more iron-rich mica instead of magnetite only if the conditions are very reducing.
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VARIATION IN PHYSICO-MECHANICAL PROPERTIES AND 
ENVIRONMENTAL IMPACT OF FIRED CLAY BRICKS INCORPORATING 
WITH MOSAIC SLUDGE INDUSTRY
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Department of Water and Environmental Engineering, Faculty of Civil and Environmental Engineering, Universiti Tun 
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Fired clay brick is one of the most common masonry units used as building material. Due to the demand recently, 
different types of waste materials have been investigated to be incorporated into bricks. The incorporation of these 
waste materials in fired clay bricks usually has positive effects on the properties such as lightweight bricks with 
improved shrinkage, porosity, and strength. The main objective of this study is to focus on the properties and en-
vironmental impact of the mosaic sludge incorporated into fired clay bricks. The characteristics of raw materials 
were obtained by using the X-Ray Fluorescence Spectrometer. The results have shown that chemical composition 
of clay soil and mosaic sludge was high with silicon dioxide and aluminium oxide. Both of the raw materials 
showed the same chemical composition, therefore sludge are suitable to replace clay in brick manufacturing. Two 
types of mosaic sludge namely bodymill sludge and polishing sludge incorporation was recommended up to 30% 
as the results obtained higher compressive strength with 25 N/mm2 and low initial rate of suction under the limit 
of 5 g/mm2. The leachability tests such as Toxicity Characteristic Leaching Procedure, Synthetic Precipitation 
Leaching Procedure and Static Leachate Procedure were conducted to determine the leachability of heavy metals 
and all the results are complied with the United State Environment Protection Agency and Environment Protection 
Agency Victoria. As for the indoor air quality, fired clay bricks containing bodymill sludge and polishing sludge 
demonstrated good indoor air quality based on the Industry Codes of Practice on Indoor Air Quality standards. 
Therefore, the incorporation of bodymill sludge and polishing sludge can be an alternative low cost material that 
produces adequate brick quality whilst providing environmental friendly disposal method.

Keywords: fired clay brick, mosaic sludge, physical and mechanical properties, leachability, indoor air quality.
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PROPERTIES AND ENVIRONMENTAL IMPACT OF INCORPORATING 
CIGARETTE BUTTS WASTE INTO FIRED CLAY BRICK
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Comprehensive environmental studies on the incorporation of waste into building materials are still very limited 
by few researchers. Most attention has been directed to the physical and mechanical properties, yet leaching of 
heavy metals and indoor air quality impact are still insufficient. Therefore, this study is focusing on the environ-
mental impact of using cigarette butt waste into fired clay bricks by providing comparative evaluation on leachabil-
ity and indoor air quality, as well as physical and mechanical properties. Bricks were manufactured with different 
percentages of cigarette butts (0%, 2.5% and 5.0%) and fired at 1050 °C. Heating rates were applied during firing 
processes with 1 °C/min, 3 °C/min and 5 °C/min respectively. The results suggested brick with 2.5% cigarette 
butt and fired at 1 °C/min heating rates are adequate to achieve optimum properties. The physical and mechanical 
properties have achieved maximum compressive strength with 19.9 MPa and density becomes lightweight by 16% 
to 21% compared to conventional bricks. Increasing percentages of cigarette butts resulted in low thermal con-
ductivity (improved from 24% to 46%), due to increasing porosity and low density. Leachability results may vary 
with different percentages of cigarette butts, however low heavy metals leached from all manufactured brick. The 
laboratory testing for Indoor Air Quality revealed that cigarette butt brick omits low concentration of gas emission 
and complied with Industry Code of Practice on Indoor Air Quality. As the conclusion, cigarette butt can be po-
tentially utilized into fired clay brick to produce low-cost lightweight brick and constituting an ecological way to 
manage this waste by producing less environmental pollution.

Keywords: fired clay brick, cigarette butt, physical and mechanical properties, leachability, indoor air quality.
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EFFECT OF NANO-TUBE IMOGOLITE ON RBL 2H3 CELLS
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This study is a preliminary study of imogolite’s application on drug delivery system. Here several imogolite syn-
thetic with different in length and natural imogolite has been used. We investigated the possible effects of imog-
olite on RBL 2H3 cells by measuring histamine release. The results show after incubation for 48 hours RBL 2H3 
cells with natural imogolite, synthetic imogolite A (short type), synthetic imogolite B (long type) and control group 
histamine content are, 4.5pg, 5.4pg, 4.9pg, and 4.5pg respectively. To investigate RBL 2H3 cells ‘s function, we 
incubate RBL 2H3 with imogolite overnight and stimulate histamine release by challenge with DNP-BSA. The re-
sult from control group, DNP-BSA, natural imogolite, imogolite A, imogolite B are 3%, 59%, 58%, 60% and 59%, 
respectively. Both results show there is no significant different between the control group and imogolite group.
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IMOGOLITE AS INDONESIAN HERBAL DELIVERY MATERIAL

zaenal abidin (1), aisyaH (1), impron (2), nuGraHa edysuyatma (3), nurul Hiedayati (4), naoto 
matsuE (5)
(1) Department of Chemistry, Fac. of Math & Natural Sciences, Bogor Agricultural University Indonesia, (2) Department of 
Geophysics and Meteorology, Fac. of Math & Natural Sciences, Bogor Agricultural University Indonesia, (3) Department of 
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Imogolite is fibrous acid-dispersible clay, gelatin-like form when it is in high pH solution and it becomes thin film 
under dried condition. Imogolite has a nano-tubular chemical structure within side diameter of 1.0 nm and outside 
diameter of 2.0 nm with a well-defined fibrous electron-diffraction pattern indicating that the tubes are uni-dimen-
sional crystals. These tubes may be several thousand-nanometers in length. It has high surface area through which 
gases can be easily adsorbed both inside and outside the particle. Because of its large surface area, imogolite has 
capability to adsorb large amount of water and alcohol molecules as hydrogel form. The quality of gelatin-like 
solution from imogolite depend on its length of tubular (Abidin, unpublised data). Tubular imogolite has capa-
bility to protect degradation of methylene blue molecules from heat and UV-radiation (Abidin et al., 2008). This 
evidence of sheltering effect of imogolite suggests that the bundle of tubular become important part of imogolite, 
not only as adsorption sites but also as protection site. Antioxidant materials such as catechin and ascorbic acid 
can be loaded into imogolite easily. Transparent gel of antioxidant-imogolite complex has capability to scavenging 
1,1-Diphenyl-2-pircrylhydrazil (DPPH) radical (Abidin et al., 2008).

Results of our previous research clearly indicated that imogolite has a potency for sunscreen and supporting herbal 
medicine compound due to its unique characteristics. In this research, we used colloidal of synthetic imogolite. 
The aim of this study was to develop application of imogolite as herbal delivery material that has a function as an 
antibacterial agent. Here we selected tabat barito (Ficus deltoidea) leaf extract based on its antibacterial activityas 
“herbal medicine model”. The leaf extract was obtained from maceration using ethanol 96% and 30%. Nanocom-
posite film of imogolite/tabat baritowas formed by mixing tabat barito leaf extract and imogolite. The antibacte-
rial capability of the composite were tested on Staphylococcus aureus and Escherichia coli.

The freeze-dried particles extract of tabat barito samples were difficult to redissolved in absolute ethanol solvent. 
It could be said that chemical compounds contain in the particles extract samples interacted each others to form 
a stong aggregation during drying process. By changing in the solvent which has high polarity such as dimethyl 
sulfoxide, the dried particles extract samples were easily dissolved. However, change in the degree of polarity of 
solution has affected the stability of extract solution, as shown by floculation formation on the extract solution 
after adding water or ethanol solvent. However, adding imogolite solution into the particles extract solution did not 
cause floculation formation. The two components are stable and can disperse homogenously. Also, thin film was 
formed when mixing of imogolite/tabat baritowas driend in glass slide. These results shown that imogolite can 
create anemulsifier-like form between extract particles and the solvent. The colloidal imogolite can accomodate 
particles extract by strong interaction in the intertubular space of imogolite. Antibacterial activity of the imogolite/
tabat baritonano composite film against Staphylococcus aureus bacteria was better than that of Escherichia coli. 
However, the antibacterial activity of the film was lower as compared to the blank.

Keywords: antibacterial activity, imogolite, maceration, tabat barito, nano thin film.

[1] Abidin Z., Hiedayati N., Matsue N., Henmi T. (2008). Synthesis of nano-tube imogolite/TiO2 nanocomposite and its photocatalytic prop-
erties. The IASTED International Conference on Nanotechnology and Applications, September 29- October 1, 2008, pp 53-57.

[2] Abidin Z., Hiedayati N, Matsue N, Henmi T. (2008). Synthesis of chitosan/imogolite gel nano-composite and its antimicrobial activities 
properties. Proceeding of International Workshop on Asia Field Science Network II.JSPS Invitation Program for East Asian Young Re-
searcher 2010.Kochi University, Kochi. pp 31-35.
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A NEW DEVICE FOR SWELLING/SHRINKING TESTS ON BENTONITES

renata adamCova (1)*, maGdalena dziakova (1), tom sCHanz (2)
(1) Comenius University in Bratislava, Faculty of Natural Sciences, Bratislava, Slovakia, (2) Ruhr-University Bochum, 
Department of Civil and Environmental Engineering, Bochum, Germany

A lot of research was done on bentonites for the engineered barrier systems (EBS) of deep geological repositories 
of radioactive waste (RW) in last decades. One of the most important questions is the swelling potential of applied 
bentonites. This controlls the closing of spaces between bentonite blocks, bentonite and the host rock, as well 
as the self-healing of any unexpected cracks in the EBS. When no more free spaces are left and further volume 
increase is impossible, bentonite starts producing swelling pressure that depends on the bentonite dry density. 
These were the two main questions of the related research about the bentonite saturation by underground water in 
the past: a) the relative swelling index [%] expressing the linear or volume increase during free swelling, b) the 
swelling pressure [MPa] at constant volume. Just a small number of shrinkage tests were done on the saturated 
bentonite considering either the volume reduction or the shrinkage limit ws [%]. But, what happens to the swelling 
pressure during shrinking that could be the result of the heat coming from the container with RW? How will the 
saturated bentonite behave if the confining pressure decreases due to any unexpected reasons? How will the swell-
ing pressure change if strain is increasing? What will be the swelling pressure if the bentonite sample is saturated 
on one side and dried on the other side (resembling the water input from the host rock mass and drying near the hot 
container)? What is the difference of swelling by saturation with water or with water vapour?

These and other questions can be answered by applying a unique device constructed for measuring swelling pres-
sures up to 20 MPa expected in saturated high-density bentonite blocks. It is a special oedometer, a prototype con-
structed in cooperation of Sondermaschinenbau Schudy and Ruhr-University Bochum in Germany and Comenius 
University in Slovakia. The normal stress is applied by a special loading segment with controlled air pressure from 
a compressor. It allows tests where both, volume and load, can be either constant or variable. The pressure in the 
test chamber is measured by a pressure cell contacting the piston. The measured data are collected automatically 
by a datalogger, frequency of measurements is programmed by a PC. Standard consolidation tests are possible, 
as well, but the main purpose is the measuremnt of stress and strain during swelling. Saturation can be done from 
the bottom to the sample top or from both sides to accelerate the saturation. A simple byrette is used for saturation 
with water under constant hydraulic gradient. If saturation with water vapour is desired, oedometer can be attached 
to a flask with a concentrated solution producing defined saturated vapour pressure. The same compressor drives 
the vapour through the filter plate under much lower pressure than is used for the sample loading. Depending on 
used solution, either saturation or desaturation, i. e. drying will happen. Cyclic loading/unloading, as well as cy-
clic saturation/desaturation are possible without taking the sample out from the chamber. Samples can be pressed 
from the bentonite powder directly into the test ring very precisely in a special device. The sample diameter is 50 
mm, the hight is either 10 mm or 20 mm. The equipment is a very new acquisition. Bentonite BKT from Slovakia 
considered for EBS is the first material tested in different ways in this oedometer from February 2017. First expe-
rience with the equipment operation and the received results will be presented at the 16th ICC in Granada in order 
to promote the useful tool to other researchers.

Acknowledgements: Authors acknowledge ZSE, a. s. for sponsoring the unique acquisition, as well as VEGA for grant 1/0828/13. 
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HALLOYSITE-ALLOPHANE AND GOETHITE-FERRIHYDRITE 
PRECIPITATION AT KARSTIFIED CONTACT OF SANDS AND 
CALCARENITES IN VECHMAAL (BELGIUM)

adriaens rieko (1)*, ronCHi benediCta (2), mertens Gilles (3), Hollanders sofie (1), elsen jan (1), 
dusar miCHiel (4), vandenberGHe noel (1)
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In Belgium, numerous karstified sand-carbonate contacts are known for their association with halloysite precipita-
tion. In the Hinnisdael caves of Vechmaal, eastern of Belgium, a similar geological setting is observed in dolines 
of karstified calcarenite of the Cretaceous Maastricht Formation filled with glauconiferous sand of the Oligocene 
St. Huibrechts-Hern Formation. At the sand-calcarenite interface, a discontinuous lithological succession occurs 
of white clay and oxidized rust, which occur almost perfectly segregated and have a thickness varying from 1cm to 
25cm. These lithologies are authigenic precipitations of high mineralogical purity consisting of only halloysite-al-
lophane and goethite-ferrihydrite respectively. The halloysite was found in-situ to occur as the hydrated 10 Å 
structure which already started to dehydrate after sampling in normal air-dry conditions (20 °C, ±335% relative 
humidity). After 24 hours of air-drying, the halloysite structure completely altered to the dehydrated 7 Å structure.

The Al, Si and Fe necessary for this precipitation were derived from the short-range distance dissolution of glau-
conite and other silicate minerals present in the overlying sand unit. The mobilization of these ions was realized 
by the progressive oxidation of pyrite to jarosite leading to a significant acidification of the percolating water. It 
is furthermore observed that seemingly small variations in local conditions in the Curfs quarry of Valkenburg, the 
Netherlands, result in alunite, gibbsite, halloysite, allophane precipitation instead of jarosite, halloysite-allophane 
and goethite-ferrihydrite. 
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MINERALOGICAL STUDY OF THE POZZOLANIC PROPERTIES OF 
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Hollanders sofie (1), Cizer ozlem (2), adriaens rieko (1)*, elsen jan (1)
(1) Division Geology, Department of Earth and Environmental Sciences, University of Leuven, Celestijnenlaan 200E, 3001 
Heverlee, Belgium, (2) Building Materials and Building Technology Section, Department of Civil Engineering, University of 
Leuven, Kasteelpark Arenberg 40, 3001 Heverlee, Belgium 
*rieko.adriaens@kuleuven.be

Portland cement-based materials, like concrete, are nowadays the most important construction material. The ex-
pansion of the cement industry might be a cause for concern, since the production process is very energy-intensive 
and because of the large amounts of carbon dioxide that are emitted, it’s extremely large-scale production implies 
that it is responsible for 5 - 8% of the anthropogenic CO2 emissions. The addition of supplementary cementitious 
materials (SCMs) is considered to be one of the most effective ways of reducing the environmental impact of the 
cement industry. SCMs, also known as pozzolans, chemically react at ambient temperature with calcium hydroxide 
in the presence of water to form compounds that possess cementitious properties. Commonly used SCMs like blast 
furnace slag from steel production and fly ash from coal combustion face complete utilization and future trends 
in steel and electricity production may reduce their availability. Therefore, there is an urgent need for alternative 
SCM sources. One of the most promising alternative ones are calcined clays. However, calcined clays are hardly 
used as SCM due to the complexity of clay minerals and the ignorance of the underlying reaction mechanism and 
reaction products. Hence this study investigates the potential use of calcined clays from a mineralogical point of 
view by linking the characteristics of the untreated clays to the pozzolanic activity of the calcined clays and to the 
reaction products of the cement-calcined clay reaction.

The key starting point of this study consists of a detailed chemical, mineralogical and physical characterization of 
both the raw and calcined material. To increase the reactivity of natural clays, the raw clay is calcined in a fixed-
bed electrical furnace at temperatures ranging between 500 °C and 900 °C. The characterization of the raw and cal-
cined clays includes the determination of the mineralogical (XRD) and chemical (ICP-OES) composition, physical 
characteristics like grain size (laser diffraction) and specific surface area (BET) and spectroscopic characteristics 
(FTIR & NMR). After heat treatment, their pozzolanic activity is evaluated with the Chapelle test and with thermal 
analysis (TGA) on mortars after 3, 7 and 28 days. The combined results of this study indicate that the mineralog-
ical composition of the starting material is one of the primary factors controlling the pozzolanic reactivity of the 
calcined clay. Especially two mineralogical features are critical namely:

1) The type of the dominant clay mineral, with its characteristic thermal behaviour, for pure clays the reactivity can 
be summarized as follows: Kaolinite >> Ca montmorillonite > Na montmorillonite > illite > hectorite.

2) The amount of the clay mineral and presence of impurities. The presence of non-clay minerals can have an effect 
on the pozzolanic reactivity. Inert materials like quartz, feldspar and muscovite have no direct influence on the 
reactivity, but feldspar and muscovite enhance the sintering phenomenon upon calcination resulting in a coarser 
grain size and consequently a decrease of the reactivity. Moreover, several reactivity tests on artificial mixtures 
with a variable impurity content demonstrated that the quantity of the inert material can be linearly correlated to 
the pozzolanic reactivity. Additionally the presence of up to 30% of calcite appears to increase the pozzolanic 
potential of the clay, especially at early ages of the hydration reaction. 
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In the past, the mineral composition of the poorly-indurated Rupelian Boom Clay and the Ypresian Ieper Group 
clays in Belgium has been determined qualitatively and quantitatively by X-ray diffractometry (Zeelmaekers et 
al., 2015) by using a classical approach of mineralogical characterization at two levels: the bulk level and the 
concentrated clay fraction <2 µm. At the bulk level, clay minerals are quantified in groups using full pattern fitting 
software based on the Mineral Intensity Factor approach (Środoń et al., 2001). For example, in the Boom clay and 
Ieper Group clay, the group “2:1 Clays” involves the clay species dioctahedral smectite, Illite, interstratified illite/
smectite and muscovite. Quantification of the individual clay species in the <2 µm fraction is performed by clay 
modeling on oriented clay slides using the multispecimen approach (Sakharov et al., 1999). Hereby, one integrated 
mineralogical composition is calculated by subdividing the clay groups quantified in the bulk, into the different 
components and in the relative abundances as quantified in the <2 µm.

This approach is based on the presumption that the clay minerals quantified in the <2 µm fraction are representa-
tive for the entire sample, which evidently is not guaranteed for all clay minerals, and certainly not for muscovite. 
Therefore, a research strategy was set up to investigate the validity of this approach by characterizing the mineral-
ogy of 4 Boom clay and 9 Ieper Group clay samples in 6 different size fractions: <0.2 µm; 0.2-2 µm; 2-5 µm; 5-15 
µm; 15-38 µm and >38 µm. The different size fractions are isolated by timed and multiple centrifugation steps 
after a thorough chemical pretreatment and sonification to remove aggregate-forming substances such as carbonate 
cements, organic matter and coatings of free oxides (modified after Jackson, 1969). Of each size fraction, random 
oriented powders (modified after Środoń et al., 2001) and oriented clay slides were measured with X-ray diffrac-
tion and quantified. Each size fraction was quantified to species levels. Muscovite was quantified separately as it 
occurs as 2M1-polytype whereas illite only occurs as disordered illite (“1Md”).

Results indicate that over the 6 different size classes the mineralogical composition evidently changes from a clay 
mineral dominated mineralogy in the finest size fractions to a quartz dominated mineralogy in coarser size frac-
tions. Smectite and interstratified illite/smectite however occur in significant quantities in the 2-5 µm fraction and 
even as traces in the 5-15 µm size fraction which is most likely due to insufficient disaggregation during prepara-
tion or the incomplete size separation procedure. For the Ieper Group clays, zeolites of the clinoptilolite-heulandite 
group occur only in size fractions >5 µm whereas opal-CT only occurs in finest size fractions <5 µm. Whereas 
the plagioclase type in the Ieper Group clays is generally considered as albitic, a more anorthite/andesine type of 
the plagioclase was found in the 5-15 µm fraction. These minerals suggest a, at least partial, volcanic origin for 
the Ieper Group clay, although the clay was probably transported over short distances before deposition. The most 
remarkable result is however that the mineralogical composition of each size fraction seems to be extremely stable 
when comparing different samples of the same clay formation. This was observed for both Ieper Group clay and 
Boom clay, although the mineralogy within the same size classes is different in both clay formation. Slight dif-
ferences, but again systematic, were observed between the most clayey and the most silty lithologies. This means 
that the total mineralogy of such clay samples is nearly entirely determined by their grain-size distribution. The 
mineralogy reflects a very stable provenance and indicates that the bulk mineralogical differences between differ-
ent samples of the same clay formation are probably entirely related to differences in grain-size distribution and 
therefore sedimentological and depositional conditions.

[1] Jackson, M.L. (1975). Soil chemical analysis - Advanced course. 2nd ed. Published by the author, Madison, Wisconsin, 895 p.
[2] Sakharov, B.A., Lindgreen, H., Salyn, A.L., Drits, V.A. (1999). Determination of illite-smectite structures using multispecimen X-ray 

diffraction profile fitting. Clays and Clay Minerals, 47, 555-566.
[3] Środoń, J., Drits, V.A., McCarty, D.K., Hsieh, J.C.C., Eberl, D.D. (2001). Quantitative XRD analysis of clay-rich rocks from random 

preparations. Clays & Clay Minerals, 49, 514-528.
[4] Zeelmaekers, E., Honty, M., Derkowski, A., Środoń, J., De Craen, M., Vandenberghe, N., Adriaens, R., Ufer, K. and Wouters, L. (2015). 

Qualitative and quantitative mineralogical composition of the Rupelian Boom clay in Belgium. Clay Minerals, 50, 249-272.
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ASSESSING THE POTENTIAL OF UŞAK CLAY AS A CERAMIC RAW 
MATERIAL BY COMPARING WITH UKRAINIAN CLAY
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For thousands of years, clay has been an indispensable natural material for ceramics. Its industry in the last century 
rapidly grows in all over the world which reveals the need to seek a new ceramic raw materials. This is the case for 
Uşak, western Turkey as well. The well-known kaolinite deposits in Uşak had been widely explored and used, so 
the investigation of the new resource from the same area is indeed an essential subject of the present study. It aims 
to characterize Uşak clay (Usc) material mineralogically, physico-chemically and technologically by comparing 
with a well-known reference ceramic raw material, Ukrainian clay (Ukc).

For this study, various analyses were carried out, they were X-ray Diffraction (XRD), Scanning Electron Micro-
scope (SEM), Fourier Transform Infrared (FTIR), X-Ray Flourescence (XRF), Differential Thermal and Ther-
mogravimetric (DTA -TG), atterberg limits, particle size distribution and specific technological tests like bending 
and compressive strength, total linear shrinkage, color, water absorption and unit volume mass at temperatures be-
tween 800 -1430 °C. Bulk mineralogical composition of Ukc was defined as dominantly kaolinite and quartz rich 
while Usc was dominantly composed of quartz and illite with a little amount of kaolinite and dolomite. The particle 
size distribution of Ukc showed 54% clay (<4 μm), 32% silt (4-63 μm), 14% sand (> 63 μm) size fractions, where-
as that of Usc presented 25% clay (<4 μm), 58% silt (4-63 μm), 18% sand (>63 μm). Additionally, Ukc is found 
to be more plastic than Usc. However, water absorption of Usc was recorded as 14,75% while Ukc was 24,27% at 
1100 °C. The bending strength values of Usc measured in a wide range of 1 MPa to 19,4 MPa also showed better 
characteristics than Ukc with a narrow values of 0,3-3,4 MPa. Due to the abundance of kaolinite (80,2%) and very 
small amount of Fe2O3 (0,3%), Ukc is categorized as whiter in color than Usc.

Comparison between the two materials presently studied and the selected commercial raw materials for ceramics 
reveal that Ukc is more compatible for raw materials of tile, brick, white stoneware, earthenware and tableware, 
while Usc is a potential raw material only for brick and tile production and might be used as plasticty lowering 
additives for the common ceramics.

Keywords: Ceramic, technological properties, industrial application, physico-chemical properties, firing characters.
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RHEOLOGICAL AND FILTRATION PROPERTIES OF CLAY-POLYMER 
SYSTEMS: IMPACT OF POLYMER STRUCTURE
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(1) Department of Chemical Engineering, King Fahd University of Petroleum and Minerals, 31261 Dhahran, Saudi Arabia, 
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Bentonite clay is the basic constituent of drilling fluid formulations but the use of only bentonite clay suspensions 
causes’ shale instability and thermal induce flocculation at deep well conditions. In water based drilling fluid 
formulations, polymers are employed to customize rheological and filtration properties. Polymer encapsulates the 
shale with a thin layer and prevents the migration of water into the formations. The objective of this work was to 
study the rheological and filtration properties of bentonite-polymer suspensions in the deionized water and salt 
water at different temperatures. The polymers evaluated were partially hydrolysed polyacrylamide (HPAM) and 
copolymer of acrylamido tertiary butyl sulfonate and acrylamide (ATBS-AM). The steady shear rheological data 
was fitted to Herschel-Bulkley model to compute rheological parameters like yield stress and flow behaviour in-
dex. The incorporation of polymers in bentonite suspensions showed the substantial improvement in rheological 
properties such as yield stress, steady shear viscosity and gel strength. The presence of electrolyte in clay-polymer 
suspensions showed the decreases in rheological properties. At elevated temperature, the rheological properties 
such as yield stress and gel strength of bentonite-HPAM suspension showed better properties as compared to the 
bentonite-copolymer and bentonite suspensions in the deionized water and electrolyte solution. This increase in 
rheological properties at elevated temperature was attributed to the hydrophobic interactions among bentonite and 
HPAM. The API filtration experiments of bentonite-polymer suspensions were performed at 25 °C. The minimum 
filtrate loss was observed for bentonite-HPAM suspension. The overall results exhibited the good properties of 
bentonite-HPAM suspension in electrolyte solution and at elevated temperature. 
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SYNTHESIS AND CHARACTERIZATION OF HOLLOW NANOSHERE 
LAYERED DOUBLE HYDROXIDE AS DRUG CARRER
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Layered double hydroxide (LDH) consists of a positively charged metal hydroxide layer and charge-balancing 
interlayer anions and these interlayer anions are generally exchangeable. LDH has a biocompatibility, anion ex-
changeability property and the intercalation of various biomolecules into the LDH interlayer. Carbon nanosphere 
(CNS) is one of carbon nanomaterials and constituted of a carbon framework and a hydrophilic surface. CNS can 
be synthesized by the hydrothermal reaction of saccharides solution. Hollow materials are well-known as a light 
weight and high dispersible material in solution, and they exhibits properties different than solids. In this study, we 
investigated the synthesis of hollow nanosphere LDH using CNS as a template and the intercalation of anticancer 
drug, 5-fluorouracil (5-FU) into LDH by the reconstruction method. In order to promote the cellular uptake of 
5-FU, the cytotoxisity assay of the 5-FU/LDH nanosphere has also been stuied for applications of a drug carrer.

CNS was prepared by hydrothermal treatment of D-glucose solution at 200 °C for 3 hours. A hybrid of CNS 
and the LDH (CNS-LDH) was obtained by co-precipitation method, which Mg(NO3)2-Al(NO3)3-methanol and 
NaOh-methanol solutions were added to the CNS dispersed methanol solution. Then, CNS was removed by cal-
cinations at 600 °C for 3 hours and the hollow nanosphere LDH oxide (hollow LDH-ox) was obtained. Finally, a 
hollow 5-FU/LDH was synthesized by reconstruction of the hollow LDH-ox in 5-FU solution with polyethylene 
glycol (PEG). Characterization of the solid products was evaluated using methods such as XRD, SEM, TEM and 
dynamic light scattering (DLS). Cytotoxicity assay of the hollow 5-FU/LDH for HeLa cell (human, cervix) was 
carried out using WST-8 assay.

The DLS measurement showed the average particle size of the CNS was 150 nm. The SEM images of CNS-LDH 
showed they are spherical particles, and the TEM images of the hollow LDH-ox implied that the LDH shell formed 
a small sphere after calcination of the CNS-LDH. The XRD patterns of the hollow 5-FU/LDH demonstrated that 
5-FU was intercalated for the LDH. The d-values of hollow 5-FU/LDH were 0.98 and 0.78 nm. These d-values 
depended on the amount of 5-FU intercalated indicating that the intercalated 5-FU was vertically or horizontally 
oriented in the LDH interlayer space. The FT-IR spectra of hollow 5-FU/LDH showed that the assingned adsorp-
tion peaks of 5-FU which were 1221 cm-1 for C-F, 1687 cm-1 for C=O and 1590 cm-1 for C=N. The XPS spectra 
of hollow 5-FU/LDH suggested that the binding energy assigns to F1s at 688 eV shift to 685 eV, meaning that the 
electrostatic force acts between the negative intercalated 5-FU and the positive LDH basal layer. The TEM images 
of hollow 5-FU/LDH show the powdery products maintained the spherical and hollow shape of the CNS-LDH. In 
addition, the cytotoxicity of hollow 5-FU/LDH in HeLa cells was greater than that of 5-FU. These results indicate 
the increase of delivery efficiency and increase of cellular uptake for 5-FU.
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The organoclays are used in the complex formulations of Oil-Based Mud (OBM) drilling fluids whose stability 
during time depends closely on the size and the state of dispersion of anisotropic organophilic clay particles in 
the continuous phase. These clays control the rheological and filtration properties of the Oil-Based drilling fluids 
dispersions. The properties of fluids are mainly governed by the interactions between the three major component 
water, oil and organophilic clay.

In this work we have modified hydrophilic clays in the laboratory referred to as, Sodic Wyoming and Laponite 
naturally sodic. We have also used three types of organophilic commercial clays, namelyVG69, Bentone 38 and 
Geltone. The hydrophilic clays were prepared on the basis of aqueous dispersion. The surfactant used was benzyl 
chloride dimethyl ammonium stearyl monohydrate C27H50ClN. The thickness of the interlayer space of hydro-
philic clays was investigated with X Ray Diffraction (XRD) on raw clays, on raw clays dispersed in water and in 
mixtures of clay-suspension of surfactant, after centrifugation. The role of the modified clays as well as the inter-
layer thickness was investigated with small Angle X-ray Scattering (SAXS) under shear to study the relationship 
between the viscosity of Oil-Based inverse emulsions, the structure and the orientation of the organophilic clays 
dispersed in the organic phase. The results of X Ray diffraction showed that the d(001)spacing ranged from 18.6 Å at 
1CEC to 45.5 Å for 4 CEC of the clay. Except for Laponite, all other oragnoclays presented an excess of surfactant, 
which was probably hosted in the porosity of aggregates of particles or was fixed to the surface or on the edges 
of smectite particles. The SAXS technique showed that the dispersion of the sheets is the most marked. The clay 
smodified in the laboratory (Wyoming and Laponite) have large interlayer spacing and lower densities compared 
to their commercial counterparts (VG69, Geltone and Bentone) which displayed smaller interlayer spacings and 
relatively high densities. This indicates strong intercalation of the organic matter in the interlayer space of the clays 
modified in the laboratory. The magnitude of the interlayer distances for the commercial clays indicates that they 
were only partially modified.
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The development of porous nanoarchitectures materials based on clays minerals is a topic of growing interest, be-
ing typically addressed to catalysis and adsorption applications [1,2]. Among clay minerals, sepiolite fibrous clay 
provides larger external surface area as well as the presence of external silanol groups in comparison to typical 
layered silicates (e.g., smectites), which favours the immobilization of diverse nanoparticles (NP). In this commu-
nication it will be introduced several porous ZnO-sepiolite nanostructured materials prepared using sepiolite or 
organosepiolite as intermediate to control the assembly and aggregation of the metal-oxide nanoparticles. On the 
one side, ZnO-sepiolite nanoarchitectures were prepared following a process based on the assembly of previously 
synthesized ZnO NP to sepiolite modified with hexadecyltrimethylammonium ions, both dispersed in 2-propanol 
medium, to produce an intermediate that after a thermal treatment consolidates the final ZnO/clay nanoarchitecture 
[3]. On the other side, the ZnO NP were incorporated to a sepiolite previously modified with SiO2 NP produced 
following a sol-gel methodology reported elsewhere [4]. In this case, it is intended to have a support of ZnO NP 
with a larger accessible surface area and also appropriate chemical reactivity of the clay surface. Finally, a novel 
heterostructure has been prepared using directly the sepiolite as substrate on which magnetite NP were in situ 
growth [5] and then ZnO NP were assembled as in the previously described materials. All types of samples have 
been characterized by diverse characterization techniques (XRD, FTIR, specific surface area and porosity deter-
minations, TEM, FE-SEM-EDX, SQUID, etc.) and their activity in the photocatalytic degradation of emerging 
pollutants in water was tested. In this way, solutions of paracetamol, antypirine and ibuprofen drugs were exposed 
to a lamp that simulates solar light and the variation of their concentration with time of exposure was followed by 
HPLC. For instance, it has been observed that the ZnO/sepiolite heterostructure exhibits better photoactivity than 
ZnO/SiO2-sepiolite and ZnO/Fe3O4-sepiolite materials for the degradation of ibuprofen. However, the last material 
has an important advantage as it presents superparamagnetic afforded by the magnetite NP and it can be easily 
recovered from the reaction media by applying an external magnetic field, which makes very easy the reusability 
of the photocatalyst in consecutive cycles of treatment.
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The use of water-based drilling fluids to drill shale formations can cause wellbore stability problems as a result 
of the reaction of water with clay minerals. When it comes in contact with water, clay starts to react, swell and/
or disperse leading to shale disintegration and sloughing. Different types of clays give rise to different types of 
problems. For example, when it is exposed to water, a shale sample with a high percentage of smectite swells 
while another shale sample with a high percentage of kaolinite disintegrates and disperses. Consequently, tight 
hole might develop and/or higher solids loading in the wellbore might be experienced and, hence, the chance to 
get stuck pipe increases and the hole cleaning efficiency of drilling fluid decreases significantly. Moreover, shale 
inhibitors/stabilizers need to provide the required stabilization for a period of time long enough to drill the shale 
section, reach the planned casing point and run the casing string. If the stablization effect breaks down earlier and, 
for any reason such as encountering a loss circulation zone, a decision was made to switch from inhibitive drilling 
fluid to fresh water, the shale formation starts to react with water again and causes problems.

Four samples of a Silurian shale formation collected from different locations and depths were characterized in a 
previous study [1]. This paper describes the experimental work conducted on the same four shale samples to as-
sess clay-fluid interactions and the durability of shale stabilization. After conducting mineralogical analysis using 
X-ray diffraction, shale inhibition tests including dispersion, inhibition durability and swelling tests were carried 
out using de-ionized water, 5% potassium chloride brine and 5% Polyamines solution. Also, moisture content was 
measured and adsorption isotherms were established. From adsorption isotherms results, the adsorptive potential 
for every shale and clay sample was determined and the samples were ranked based on this parameter. The work 
has been extended to cover different pure clay samples: sodium montmorillonite, illite and illite smectite mixed 
layer.

Dispersion results showed that shale recovery percentages varied from 30.8% for shale sample dominated by 
kaolinite to 98.65% for those with low kaolinite content. For the high kaolinite sample, the recovery percentage 
jumped from 30.8% to 59% with potassium chloride and eventually to 85.5% when the polyamine solution was 
used. Inhibition durability testing revealed the superior performance of the polyamines compared to potassium 
chloride in stabilizing the shale over extended periods of time. While potassium chloride recovered only 12% of 
the kaolinite-dominated sample after 18 hours of re-exposing the shale sample to fresh water, polyamine results 
showed 84% of shale recovery after 12 days. When the samples were tested in the swell meter, results showed 
higher swelling percentage values for those samples with higher smectite content followed by illite while two sam-
ples showed no potential swelling as they have low clay content of less than 15%. Moreover, swelling percentages 
showed strong correlation with moisture content of the four shale samples along with the pure clay samples. The 
date points were correlated with a linear trend line whose coefficient of determination is equal to 0.99.
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The state of Paraíba in Brazil is one of the largest national producers of these clays, with its production concen-
trated in the city of Boa Vista, whose reserves have great diversity [1]. New deposits were found in the state, a fact 
that may represent an interesting technological alternative to the future shortage in the city of Boa Vista, Paraíba, 
Brazil, bentonitic clays, expansion of mineral production in the region and consolidation of the state as the largest 
producer in the country. A study [2] about the modification of the new reservoirs of the state of Paraíba, Brazil, with 
non-ionic surfactants for use in organic base drilling fluids, analyzing the properties [3] and swelling [4] of disper-
sions in different organic media. After this study, it was also necessary to evaluate the thixotropic properties of the 
dispersions previously studied, in order to observe the relationship with the rheological properties, thus obtaining 
a larger and more complete study. Therefore, this work proposes the thixotropic evaluation of the dispersions of 
new occurrences of Brazilian bentonitic clays for organic base drilling fluids. The organophilization process was 
evaluated by the results of X-ray diffraction (XRD) and thermal analysis (DTA and TG), where in the latter the 
contents of non-ionic tensoativos incorporated were quantified; The rheological properties were evaluated by the 
swelling and apparent viscosity of the dispersions in different organic media, observed in detail by [2], who related 
the influence of the non-ionic surfactants on the rheology of the dispersions obtained. For this work, the thixotropic 
properties were studied by the obtained flow curves. The previous study [2] showed with its results that the organ-
ophilic clays with the non-ionic surfactants presented potential of use as mineral viscosifier in organic base drilling 
fluids, using diesel. In the present study, the results of flow curves of the organophilic clays showed pseudoplastic 
behavior and the presence of hysteresis, indicating the presence of thixotropy, also having a relation between the 
thixotropy and the apparent viscosity of the obtained dispersions. These results complement the previous study, 
thus confirming the suitability of dispersions to organic base drilling fluids.
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Bionanocomposites are a versatile type of materials that may offer both remarkable structural and multifunction-
al properties [1]. Interestingly, they can be conformed by different types of processing, giving rise for instance 
to films and foams of interest for a wide variety of applications, such as bioplastics, gas separation membranes, 
adsorbents, scaffolds for tissue engineering, packaging or building insulation. In this context, bionanocomposites 
foams can be prepared by diverse strategies including gas foaming, particulate leaching or freeze-drying [2], being 
this last one the mostly applied method as hydrophilic polysaccharides or proteins are the largest employed biopol-
ymers and water is used as their main solvent [1,2]. The presence of inorganic solids, for instance clay minerals, 
as fillers in the biopolymer matrix could help the foaming process, affording nucleation sites that may control 
the cell density and also contributing to enhance mechanical and physical properties [2,3]. Despite this, the high 
hydrophilicity of most of the commonly used biopolymers limits the bionanocomposite foam stability in aqueous 
media, hampering their use in certain applications that involve its immersion in aqueous media, e.g., removal of 
pollutants in water. To overcome this drawback it is possible to stabilize the foam using cross-linking agents or 
less hydrophilic polymers. For instance, in the case of hydrophobic biopolymers such as zein, the main storage 
protein of corn, polymeric foams have been prepared using supercritical CO2 or a previously modified zein with 
hydrophilic compounds [4,5].

Recently, our group has reported a methodology that plays with the different solubility of zein components in 
presence of ethanol and water to produce zein-montmorillonite nanocomposites [6]. This communication will 
show how this convenient property of zein can be also applied to produce bionanocomposite foams by assembly 
of sepiolite to zein following a process that implies the subsequent immersion of mixtures of both components 
in anhydrous ethanol and water, followed by a final step of freeze-drying. Bionanocomposite foams can be also 
prepared using a sepiolite that incorporates magnetite nanoparticles (NP) from a ferrofluid, previously prepared 
by a methodology that have proved to produce very stable superparamagnetic multifunctional materials [7]. As 
occurs in other biohybrids involving zein assembled to sepiolite and palygorskite fibrous clays [8], the presence of 
this protein affords hydrophobicity and stability in water to the resulting bionanocomposite foams. Moreover, the 
existence of strong affinity between zein and the sepiolite-based fillers results in foams that show good mechan-
ical properties and, in certain cases, additional superparamagnetic properties, when they incorporate the magnet-
ite-based filler. The resulting bionanocomposite foams have been tested as adsorbents of 4-chloro-2-methylphe-
noxyacetic acid (MCPA), here selected as model herbicide, to prove their potential usefulness in environmental 
remediation. Furthermore, as the zein-sepiolite superparamagnetic bionanocomposite foams could be easily re-
covered from the aqueous media by applying an external magnetic field (magnet) this type of adsorbent could be 
easily applied in open water areas.
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Succession of Quaternary palaeoenvironments over the past 0.7 million years reveal a complex of Loess-palaeosol 
exposures along Taganrog Bay, Sea of Azov, in southern Russia. At the key section of Chambur- Kosa, four palaeo-
sol complexes were identified. The earliest Vorona palaeosol complex in the section correlated with the late Much-
kap Interglacial. The soil type corresponds to modern subtropical Mediterranean region soils. The later Middle 
Pleistocene Inzhavino palaeosols transitional between kastenozems and chernozems developed during the Likhvin 
Interglacial. Palaeosol complex of Kamenka Interglacial is typified by Luvic Chernozemic soils, possibly formed 
under prairie conditions. Finally, the Mezinpalaesol developed during Mikulino Integlacial (Late Pleistocene) is 
represented by chernozems similar to the modern (Holocene) steppe soils of the region. The sequence indicates 
that moisture supply and temperatures during successive interglacials shifted progressively towards increasingly 
cooler, somewhat drier climates, influencing soil formation. The palaeosols record, by changes in physical, miner-
alogical and/or chemical properties, not only the soil forming climate prior to burial (and effective fossilisation) of 
the soil profile but also changes in soil evolution, vegetation, and environment.

The aim of this study was to estimate the weathering status of the Pleistocene paleosols loess sections using, clay 
mineral assemblages, geochemical indicators (coefficients based on ratios of different element concentrations), 
iron oxide magnetic mineralogy and clay-organic complexes. A variety of climatic proxies wereused to estimate 
the relative intensity of the Quaternary climatic change: magnetic susceptibility of the loess and paleosol: weath-
ering index PWI, CIA, Rb/Sr ratio, stable isotope study, clay mineralogy, etc. Clay minerals indicate evidence of 
temporal and spatial differences during cold periods when loess wasdeposited, and warm stages when paleosols 
formed. Illite and chlorite are the dominant clay minerals in loess. Illite is not easily weathered by warm and wet 
conditions, whereas chlorite is very susceptible to weathering. I/C ratios, therefore, display changes in chlorite 
weathering intensity in glacial-interglacial sequences that result from differences in climate. The I/C ratios provide 
a tool to evaluate past climate. I/C ratio values above about 3.0 is characteristic of paleosols and indicate chlorite 
weathering and thus an intensive weathering stage. The weathering and destruction of chlorite is significant under 
a humid condition (an annual precipitation exceeding about 450 mm).

Clay fractions of palaesols generally hold the highest content of soil organic matter (SOM), clay minerals protect 
efficiently SOM from decomposition. The clay fractions of loess and palaesols were analysed by solid-state 13C 
NMR spectroscopy. The clay-organic-complexes pronounced shifts of SOM quality in palaeosols. Amounts of 
C-species according to 13C NMR spectra demonstrate the changes in structure of organic matter versus climate of 
soil formation. Carbon isotope compositions (δ13C) of organic matter in clay fractions of loess-palaeosols suggest 
changes of the paleovegetation, C3 or C4 type of plant, which dominated in specific periods and climatic condi-
tions over time in steppe environment.

Geochemical and mineralogical data of clays and clay-organic-complexes from loess-palaesol are useful indica-
tors of past environments and climate. Comparisons between clay mineralogy and other paleoclimatic records 
(oxide magnetic mineralogy, geochemical indicators) evaluate the efficacy of mineralogy as a palaeoclimatic tool.
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The chronosequence of five Visean (Aleksinian-Venevian interval) palaeosols on the territory of Moscow calcar-
eous sedimentary basin (Bronzi quarry, Kaluga region) was studied in detail. All palaeosols are polycyclic and 
consist of (1) a lower unit (substrate) consisting of limestone which was altered to different degrees by weathering/
pedogenesis, which is overlain by (2) a terrigeneous topclay which represents an individual palaeosol developed 
prior to subsequent marine flooding. Some topclays are capped by coal. High-amplitude sea-level fluctuations at 
the Mikhailovian-Venevian boundary followed by prolonged subaerial exposure of limestone resulted in the de-
velopment of the deep karst capped by a pronounced paleosol and then by several palustrine beds. This laterally 
extensive terrestrial complex with local name “Kholm unconformity” is the important stratigraphical unit for the 
territory [1]. Carbonates within the sequence are presented by calcite with δ13С isotopic composition in the broad 
range: -4.63‰ < δ13С < +4.38‰; thus at least some of them have pedogenic/biogenic origin. Topclays are weakly 
calcareous playa deposits rich in clay . Besides Si and Al, they are enriched in Fe, Mg, Ti, Ga and some other 
elements. The close TiO2/Al2O3 values which charaterize all five levels testify for the constant souce of parent 
material. The mineralogical composition of palaeosols is similar. The substrates consist of calcite. The topclays 
are almost monomineralic and smectite dominated (low charge beidellite and montmorillonite). Palaeosols of Al-
eksinian-Mikhailovian interval additionally contain kaolinite, goethite (α-FeOOH) and lepidocrocite (γ-FeOOH). 
Electron microscopy study of topclays shows that Fe-oxides are closely associated with plant material (substitude 
roots, fill root channels). Presence of lepidocrocite was supported by XRD and thermomagnetic study. The occur-
rence of this mineral is a reliable indicator of hydromorphous character of several palaeosols. Calculated (CIA-K) 
geochemical index varied from 1 to 78 (largest for topclays). Palaeosols of the Aleksinian-Mikhailovian interval 
demostrate the larger values of this index which together with the smectite-kaolinite-goethite/lepidicrocite associa-
tion suggest deeper weathering of this interval. Two Venevian palaeosols contain no kaolinite or goethite and have 
smaller (CIA-K) values. Climate, terrigeneous input, relief, duration of exposure, atmospheric CO2, and diagenesis 
could affect the mineralogy. Clay fractions separated from topclays contain different amount of bound organic car-
bon (2-19%). Its 13C NMR study showed that the most preserved is carbon of aromatic functional groups. Calculat-
ed mean annual precipitation (MAP) shows that the Visean climate on the given territory had cyclic character. The 
most humid conditions (>1000 mm/y) existed during Mikhailovian time. Authigenic smectites and lepidocrocite 
testify for the seasonal type of climate. Later, starting from Venevian, MAP decreased to <750 mm/y, then to 300-
400 mm/y at the end of Mississippian and into the Pennsylvanian. As a result, wet subtropical swampy palaeosols 
under predominantly arborescent lepidodendron vegetation were replaced by semi-arid palaeosols [1].

[1] Alekseeva T.V., Alekseev A.O., Gubin S.V., Kabanov P.B., Alekseeva V.A. (2016). Palaeoenvironments of the Middle-Late Mississippi-
an Moscow Basin (Russia) from multiproxy study of palaeosols and palaeokarsts. Palaeogeography, Palaeoclimatology, Palaeoecology, 
450, 1-16. 



Scientific Research Abstracts
Vol. 7, p. 29, 2017
ISSN 2464-9147 (Online)
XVI International Clay Conference | ICC 2017 | Granada, Spain
© Author(s) 2017. CC Attribution 3.0 License

EFFECT OF HEAVY METALS ON HERBICIDE MESOTRIONE FATE IN 
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Mesotrione {2-(4-methylsulfonyl-2-nitrobenzoyl)-1,3-cyclohenanedione}, a member of the triketone family, is a 
recent selective herbicide used in maize culture. The aim of the present research was to determine the effects of 
heavy metals (HMs) - Cu, Pb and Zn - on mesotrione adsorption and retention in soils. Four soils with markedly 
different geneses and contrasting properties were chosen and investigated in detail: Chernozem, Luvisol, Red Soil 
and Vertisol. The selected soils represented a range of soil parameters that could affect the behaviour of HMs and 
the weakly acidic herbicide mesotrione (pKa = 3.12). The soil characteristics taken into consideration were: pH, 
cation exchange capacity (CEC), carbonate content, granulometry, chemical composition (XRF), bulk and clay 
mineralogy (XRD), Fe-oxalate and Fe-dithionite-citrate-bicarbonate extractable, organic carbon (OC) content and 
its characteristics (humic acids/fulvic acids, input of C-containing functional groups based on solid state 13C NMR 
data).

Mesotrione adsorption experiments with soils polluted with HMs (2 g/kg on a dry weight basis) and HM-free 
(bulk soils and their clay fractions) were carried out using the batch equilibration technique. The adsorption ex-
periments were carried out at the room temperature and we used 1:3 solid:solution ratio with mesotrione solution 
concentrations ranging from 10 - 1000 μM and a contact time of 24 h. The pesticide concentrations in equilibrium 
solution were quantified by HPLC. For one step mesotrione desorption experiments, supernatants obtained after 24 
h adsorption were completely replaced by distilled water and the tubes were shaken for the next 24 h.

HM polluted soils were prepared based on isotherms of HM - nitrate adsorption. These experiments were also 
carried out using the batch equilibration technique. All isotherms obtained of HM adsorption were of L-type and 
were well described by the Langmuir equation. Reliable positive correlations were obtained between Langmuir 
parameters and soil properties- content of clay and silt, pH, CEC, content of carbonate and OC in alkyls. Five steps 
of HM desorption experiments showed their large (≤10% from adsorbed) retention which depended on HM cation 
as well as soil properties. Data obtained evidence different mechanisms of HM stabilization in the studied soils.

Isotherms of mesotrione adsorption by HM-free soils were linear and were well described by the Freundlich 
equation. As a rule, adsorption parameters abtained for clay fractions are larger. Mesotrione is relatively weakly 
adsorbed by all soils and 40-76% was released after the first desorption step. Mesotriobne retention by clay frac-
tions is larger (35-59% release). A statistical treatment of the data obtained shows that adsorption parameters are 
positively correlated with contents of free Fe-oxides and OC in alkyls and are negatively correlated with pH and 
total OC content. Consequently, competition for the adsorption sites between mesotrione and HM is not expected. 
Conversely, investigation of mesotrione adsorption on HM-polluted soils showed that the presence of adsorbed 
HMs increased the affinity of mesotrione towards soils. When Zn2+ and Pb2+ were present, the linear character of 
the adsorption isotherms persisted. Whereas the presence of Cu2+ considerably modified and increased the ad-
sorption depending on soil, first of all with acid pH (Red Soil and Luvisol). In these cases, mesotrione adsorption 
became almost irreversible (<4% of mesotrione desorbed). The formation of Cu2+ - mesotrione complexes could 
explain the observed phenomenon [1]. Thus, the presence of HMs in soils will reduce most probably the bioavail-
ability of mesotrione and influence the kinetics and possibly the pathways of its biodegradation.

Acknowledgement: This research is supported by RFBR/CNRS (PICs) № 15-54-15015 / № 6554. T. Alekseeva thanks the Universite Blaise 
Pascal (Clermont-Ferrand, France) for the invited researcher position

[1] Le Person A., Siampiringue M., Sarakha M., Moncomble A., Cornard J.P. (2016). The photo-degradation of mesotrione, a triketone her-
bicide, in the presence of Cu-II ions. Journal of Photochemistry and Photobiology A: Chemistry, 315, 76-86. 
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The diffractometric analyzes performed on the Dogger clay samples of the Wanina basin, in the basins of Aït Ourir 
of the High Atlas of Marrakech gave the following results:

The illite: it is present in all the cross-section, often in very large quantity. Its abundance suggests an active erosion 
of the internal zone. It would probably come from the deterioration surface of pre-existing fibrous minerals. His 
association with kaolinite in most Dogger seems to indicate a fluvial contribution of the piedmont area.

The chlorite: it’s in low quantity (5-25%), but it is constant. This could suggest an erosion of areas emerged to 
accentuated relief. It would come as well of the ante-Jurassic series rich in chlorite. But the multiple factors that 
influence its crystalline Network, a partial genesis by transformation of the smectite.

The kaolinite: is a mineral of meteoric alteration in the regions with alternation of two seasons, warm and humid. 
It is a mineral characteristic of the superficial alterations in a leached acid environment. It is the existence of such 
environment in the warm and humid climate area which justifies the abundance of kaolinite in their pedological 
profiles. The phenomena of diagenetic neo-formation of kaolinite are caused by the circulation of the diluted 
solutions. The simple diagnostic of kaolinite to X-rays without the review at the scanning electron microscope 
for example, doesn’t allow a precise determination of its own nature. However, the percentage of the kaolinite is 
relatively low and it is associated with the levels of siltstone and clay. Consequently the origin of this kaolinite is 
probably detrital and translates sloping reliefs under warm climates and relatively hydrolyzing. 

The smectite: it can be inherited or neo- formed from other minerals or ions in solution, but with the usual method 
of treatment, it wasn’t possible to establish the heritage and neo-formation. However, according to, the majority 
of these minerals can be currently formed in vertisols, under warm climates with strong seasonal contrasts of 
moisture.

In conclusion, the clay procession presents an almost identical mineralogical composition dominated by illite. This 
abundance of illite and the constant presence of chlorite testify to the importance of the mechanical erosion under-
gone by the source rocks composing the ante-jurassic series. These detrital minerals result from the ancient massif 
and the triassic siliciclastic series of the High Atlas. The smectite at the base attests to an attenuation of erosion due 
to the Aplains reliefs, stable and favorable to the confinement.

Keywords: Sedimentology, paleogeography, Red formation, Ouanina basin, Hight Atlas, Morocco.

[1] Hadach, F., Algouti, A., Algouti, AB., Mourabit, Z. (2015). Example of paleosebkha littoral deposits of Senonian in the “Basins Zone” of 
Aït Ourir (Marrakech High Atlas, Morocco). European Scientific Journal (ESJ), Volume11, N°8, pp. 306-316.
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NATURAL FIBRE-REINFORCED GEOPOLYMER CEMENT FOR PASSIVE 
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This study reports on the synthesis and characterization of new functional geopolymer composites that are rein-
forced with crushed natural Luffa Cylindical Fibres (C-LCF). The precursor of the geopolymer matrix was derived 
from kaolin. The natural fibres volume percentage is 10% of the overall composite volume. It is found that by using 
these natural Fibres as reinforcement, the compressive of the end geopolymeric products increases from 13 MP up 
to 31 MPa. The geopolymer composite exhibits ductile-like failure, unlike the brittle matrix. In addition, the bulk 
density decreases from 1.5 g/cm3 to 1.34 g/cm3. In terms of microstructure, a greater amount of geopolymer gel is 
formed after introducing the LFC into the geopolymer matrix. This could be a result of transporting and distribut-
ing the alkaline solution with controlled release throughout the geopolymer mixture during the setting reactions, 
and geopolymer hardening by the micro vascular system of the LCF. This study reported that the surface humidity 
at ambient conditions increases from 30% up to 53% by introducing the natural fibres as reinforcement. This is an 
indication that the new product is more effective for evaporative cooling systems.

Acknowledgments: the financial support of the project “Development of functional geopolymer - based construction materials for passive 
cooling of buildings” funded under the contract number (AT-34- 211) by the King Abdulaziz City for Science and Technology KACST within 
the Research Grants Program is gratefully acknowledged.

[1] Hajjaji W., Andrejkovičová S., Zanelli C., Alshaaer M., Dondi M., Labrincha J.A., Rocha F. (2013). Composition and technological prop-
erties of geopolymers based on metakaolin and red mud, Materials and Design, 52, 648-654. 

[2] Alshaaer M., Zaharaki D., Komnitsas K. (2014). Microstructural characteristics and adsorption potential of a zeolitic tuff-metakaolin 
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Selection criteria for the identification of kaolinitic clay deposits of high industrial value has been traditionally 
dominated by the requirements of the ceramic or the paper industry [1]. However, the growing interest in calcined 
clays as Supplementary Cementitious Materials (SCMs), from sources other than relatively pure industrial grade 
clay deposits [2], demands the development of new tools for the identification and evaluation of the potentialities 
of a given clay deposit as a source of raw materials for the production of SCMs. In this paper, a methodology for 
the preliminary assessment of clay deposits as a source of SCMs is presented and discussed. As a case study, the 
chemical and mineralogical composition of several non industrial grade kaolinitic clay deposits, identified and 
classified according to the proposed methodology, is related to the pozzolanic reactivity of their calcination prod-
ucts, measured through Isothermal Calorimetry by the R3 testing protocol [3], compressive strength in standardized 
mortars, and alkaline solubility of its main constituents. The developed methodology, derived from both theoretical 
and experimental considerations about main clay minerals and its most common companion minerals, allows to es-
tablish preliminary selection criteria based on the chemical composition of the raw material (%Al2O3>18,0; Al2O3/
SiO2>0,3; PPI>7,0; %CaO<3,0; %SO3<2,0). Comparison of the potentialities between the different clay deposits 
is determined from its relative position in a plot that relates the content of Al2O3 and the weight loss within the 
range of temperatures that corresponds to the thermal decomposition of clay minerals, which are, in turn, the main 
parameters affecting the pozzolanic reactivity of calcination products. The presence of thermally active non clay 
minerals in the sample may also affects negatively the pozzolanic reactivity. Through the observed results, the de-
veloped methodology proves to be a practical and useful tool for the identification and evaluation of kaolinitic clay 
deposits as a source of pozzolans. Its application in current geological survey has allowed doubling the volume of 
hypothetical resources of kaolinitic clays with good potentialities as SCMs in Cuba.

[1] Pruett, R.J. (2016). Kaolin deposits and their uses: Northern Brazil and Georgia, USA. Applied Clay Science, 3-13.
[2] Alujas A., Férnandez R., Quintana R. et al (2015). Pozzolanic reactivity of low-grade kaolinitic clays: Influence of calcination temperature 

and impact of calcination products on OPC hydration. Applied Clay Science, 94-101.
[3] Avet F., Snellings R., Alujas A. et al (2016). Development of a new rapid, relevant and reliable (R3) test method to evaluate the pozzolanic 

reactivity of calcined kaolinitic clays. Cement and Concrete Research 85, 1-11.
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Clay mineralogical and geochemical study of marine sedimentary deposits from the Guercif Basin (NE Morocco) 
allows for the reconstruction of paleogeographic evolution over the Neogene. Sedimentary samples were taken 
from a 900m long geological cross-section located at the Southwestern part of the basin and dated from Tortonian 
to Messinian. Three lithological units are deciphered from the bottom to the top: biocalcarenite, marl-clay alterna-
tions and gypsiferous marls. The sediment was analyzed for mineralogy by XRD on bulk powder and clay <2 μm 
fraction and for geochemical by XRF.

In absence of any diagenetic evidence, the evolution of the clay mineralogical assemblage mainly depends on 
paleogeographic conditions. Three intervals, covering upper Tortonian to Messinian, were identified. Warm and 
wet interval I is attested by the occurrence of illite and chlorite with a low amount of kaolinite. Interval II was 
still warm but with seasonal contrast characterized by the occurrence of smectite. Interval III was arid as showed 
by the appearance of palygorskite associated with smectite. Interval IV from the Messinian was hot and arid with 
contrasted season as attested by a relative increase in smectite, palygorskite and illite/smectite mixed layers in 
comparison with illite and chlorite. The Tortonian biocalcarenitic sediment contains a higher CaO content (60%) 
than the Messinian gypsiferous marls (19%). In addition the high SiO2/Al2O3 ratio (average of 4.72) indicate a high 
detrital input and therefore confirms the arid environmental conditions over the Messinian. 

These results attest for a climate control on the paleogeographic evolution of the Guercif basin. 

Keywords: Tortonian-Messinian, Northeastern Morocco, Clay minerals, Paleogeography, Climate.
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Recent progresses in the study and design of soft materials have led to the synthesis of new colloidal particles that 
self-assemble into useful structures and represent the basis of tomorrow’s materials [1]. In this context, colloidal 
clays, characterized by anisotropic shape and complex interactions, give rise to phase diagrams rich of unconven-
tional phases encompassing fluid, gel and glassy states. The investigation of these systems has therefore gained, in 
recent years, an important role in Material Science. 

In this presentation, I will report on the aging behaviour of aqueous suspensions of Laponite®, an industrial syn-
thetic clay made of nanometre-sized discotic platelets with inhomogeneous charge distribution and directional 
interactions. The anisotropy of the face-rim charge interactions, combined with the discotic shape, makes Laponite 
a prototype of patchy particle with a very complex phase diagram. Here the microscopic structure and dynamics 
of Laponite suspensions have been investigated through the combination of several techniques as Dynamic Light 
Scattering (DLS), dilution experiments, X-Ray Photon Correlation Spectroscopy (XPCS), Small Angle X-ray 
Scattering (SAXS), rheometry and Monte Carlo (MC) simulations. We found the existence an equilibrium gel and 
of two different glasses respectively at low and high clay concentrations and of a spontaneous glass-glass transition 
between a Wigner glass, dominated by long-range screened Coulombic repulsion, and a Disconnected House of 
Cards (DHOC) glass, stabilized by orientational attractions [2,3]. Furthermore, different dynamical behaviours 
that occur at the glass transition are observed [4,5].

These findings shows that a careful choice of the density may provide materials that are extremely stable in the 
long term and may have implications for applications where a fine control of the local order and/or long term sta-
bility of materials are required.

[1] Glotzer S.C., Solomon M.J. (2007). Anisotropy of building blocks and their assembly into complex structures. Nature Materials, 6, 557. 
[2] Ruzicka B., Zaccarelli E., Zulian L., Angelini R., Sztucki M., Moussaïd A., Narayanan T. and Sciortino F. (2011). Observation of empty 

liquids and equilibrium gels in a colloidal clay. Nature Materials 10, 56.
[3] Angelini R., Zaccarelli E., De Melo Marques F.A., Sztucki M., Fluerasu A., Ruocco G., Ruzicka B. (2014). Glass-glass transition during 

aging of a colloidal clay. Nature Communications 5, 4049.
[4] Angelini R., Zulian L., Fluerasu A., Madsen A., Ruocco G. and Ruzicka B. (2011). Dichotominc Aging behaviour of a Colloidal Glass. 

Soft Matter 9, 10955.
[5] De Melo Marques F. A, Angelini R., Zaccarelli E., Farago B., Ruta B., Ruocco G., Ruzicka B. (2015). Structural and microscopic relax-

ations in a colloidal glass. Soft Matter 11, 466.
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Novel nanostructures can be fabricated by using DNA nanotechnology, which utilizes programmable base se-
quence of DNA. For example, Rothemund reported DNA origami technique with which we can form desired 
nanostrucutre with the resolution of several nm [1]. However, fabrication of molecular devices in large scale by 
using only synthetic DNA is not practical due to high cost. The materials made only of DNA is also problematic 
due to mechanical weakness.

Therefore, combination of DNA with other material is important for practical applications. Colloidal particles 
modified with single-strand DNA (ssDNA) were synthesized and self-assembled to construct regulated structure 
in macroscopic scale. Furthermore, the structures and lattice constant of the colloidal crystals are modifiable by 
detection ion or specific base sequence of linker-DNA [2]. However, in these studies, only spherical particles were 
used as the colloidal particles. Utilization of non-spherical particles such as nanosheets, which forms liquid crystal 
phase, are expected to further extend the DNA-based technology to wider range.

Nanosheets having an anisotropic shape with a thickness of 1 nm and a maximum width of several hundred μm are 
obtained by exfoliation of inorganic layered material such as graphite, layered clay mineral and layered silicate, in 
a solution. Functionalization and organization of nanosheets with DNA was reported in view of applications as a 
biosensor, [3,4] stimuli-responsive gelator, [5] and nanocontainer [6]. For example, aggregation of nanosheets trig-
gered by detection of a specific ssDNA was reported [4]. However, in all the reported studies, DNAs are physically 
adsorbed on the nanosheet surface so that the stability of the composite is not enough and control of the degree of 
fuctionalization is difficult. Also, although nanosheet colloid has been highlighted that they form intriguing liquid 
crystal phases with birefringence and structural colors, control of the optical properties by DNA have not been 
reported.

In this study, we investigated modification of the hexaniobate nanosheet surface with ssDNAs through a covalent 
bond, aiming at fabrication of nanomaterials that respond to the molecular information of DNA. Amino-function-
alized nanosheets were obtained by the reaction of the hexaniobate nanosheets with 3-aminopropyldiethoxyme-
thylsilane. Then, carboxyl-functionalized nanosheets were synthesized by the reaction of amino-functionalized 
nanosheets with succinic anhydride. Finally, we obtained ssDNA functionalized nanosheets by the reaction of the 
carboxyl-functionalized nanosheets with ssDNA which have an amino group and fluorescence moiety (FITC) on 
the 5’- and 3’-ends, respectively.

The formation of modified nanosheets were confirmed by FT-IR. We then observed ssDNA functionalized nano-
sheets dispersed in water by confocal laser scanning microscopy (CLSM). In the scattering image, the nanosheets 
and their aggregates with the size of several tens of μm were observed. Similar image is also observed in the flu-
orescence mode, indicating that the FITC-terminated ssDNA is immobilized on the nanosheets. In contrast, in the 
cases of the nanosheets without modification or the simple mixture of the ssDNA and nanosheets, the nanosheets 
are not observable in the fluorescence image. Thus, it is considered that the ssDNA is immobilized on the nano-
sheet through covalent bond, which is favorable for further application studies.

[1] Rothemund W.K.P. (2006). Folding DNA to create nanoscale shapes and patterns. Nature, 297.
[2] Park.Y.S., Lytton-Jean K.R.A., Lee B., Weigand S., Schatz C.G., Mirkin A. C. (2008). DNA-programmable nanoparticle crystallization. 

Nature, 553.
[3] Zhu C., Zeng Z., Li H., Li F., Fan C., Zhang H (2013). Single-Layer MoS2-Based Nanoprobes for Homogeneous Detection of Biomole-

cules. J. Am. Cham. Soc., 5998.
[4] Tang L., Wang Y., Liu Y., Li J. (2011). DNA-Directed Self-Assembly of Graphene OxIde with Applications to Ultrasensitive Oligonucle-

otide Assay. ACS nano, 3817.
[5] Xu Y., Wu Q., Sun Y., Bai (2013). Title of the cited paper. Journal, pages. Please pay attention to the rules for preparing your abstract.
[6] Kim W.T., Kim Y.I., Park H.D., Choy H.J., Hwang J.S. (2016). Highly Stable Nanocontainer of APTES-Anchored Layered Titanate Na-

nosheet for Reliable Protection/Recovery of Nucleic Acid. SCIENTIFIC REPORTS6, No.21993.
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In an era of ever greater challenges for many materials, including minerals, how can humble clays still find new 
uses and opportunities? That is a question that all innovation managers face in the industrial minerals sector and 
this paper seeks to explore some of the approaches that can be used. On the one hand anyone who has designed 
and defined new products knows that one must seek to exploit what nature has provided, and forgets this at their 
peril. On the other hand we can manipulate these materials to change size, shape, colour, purity, chemistry and thus 
functionality by many established and some novel processes.

The starting point for defining a clay of choice must be to understand what problem or need is being addressed. 
If this is not specific enough then the new product will have to go through many iterations before it may either 
ultimately succeed or fail. Thus the innovator must speak the language of their counterpart, or industry with whom 
they are seeking a novel solution. In specifying an extender for an interior coating, for example, it needs to provide 
the right balance of opacity, rheology, colour and mechanical properties. An understanding of the material’s use, 
the demand of the particular industry and its length of use are all essential at the start of the process. From these 
points the mineral developers must transform the requirements into their own specifications more familiar to them. 
This should be considered firstly as a functionality, such as refractive index, light scattering capability, surface 
coverage and so on and then translated back to the material’s fundamental characteristics such as particle size, 
shape and structure of which we are more familiar.

Several case studies are included in this paper that serve to illustrate the development of clays for a diverse range 
of industrial uses including the agricultural, cosmetic, inks, polymers and coatings sectors. When incorporated into 
lithographic inks hydrous clays can assist with the stability of the ink-fount solution emulsion. Their addition in 
facial cosmetics can give matting, surface coverage and blending effects. Calcined clays are added to a range of 
polymeric and elastomeric systems for impact and dimensional modification. And clays, as well as other industrial 
minerals, give structure and opacity to many types of architectural and industrial coatings. The manner in which 
the products are developed is discussed and the outcomes relative to the various approaches is considered in further 
detail.



Scientific Research Abstracts
Vol. 7, p. 37, 2017
ISSN 2464-9147 (Online)
XVI International Clay Conference | ICC 2017 | Granada, Spain
© Author(s) 2017. CC Attribution 3.0 License

IN SITU HIGH TEMPERATURE X-RAY DIFFRACTION AND ELECTRON 
MICROSCOPY STUDY OF BAUXITIC CLAYS

patricia aparicio (1), domingo martin (1), EmiLio gaLán (1), adoLFo miras (1), isaBEL guErrEro (1), 
blanCa bauluz (2), alfonso yuste (2), maria jose mayayo (2)
(1) Departamento de Cristalografía, Mineralogía y Química Agrícola, Universidad de Sevilla (Spain), (2) IUCA-Facultad de 
Ciencias, Universidad de Zaragoza, Zaragoza (Spain) 

One of the most important traditional refractory materials are made of aluminum- rich raw clays and bauxites. 
Depending of the alumina and silica contents, the most important high-temperature phases formed after firing are 
corundum, mullite and siliceous glass, being mullite the main component formed from bauxitic clays. In this case, 
the structure of the material consists of needle-like mullite crystals in a siliceous and vitreous matrix with some 
impurities, being the mullite the responsible of the refractory properties. The aim of this study is to analyze the 
mineral evolution during the firing of two Al-rich materials, considered as bauxitic clays.

Two samples were selected for the study come from Lower Cretaceous karst bauxite deposits that outcrop to the 
SE of the Iberian Range (Maestrazgo zone) [1] [2] [3]. Bauxites constitute bodies filling karst cavities developed 
in Jurassic limestones. The mineralogical composition of the bauxitic materials and their behaviour after heating 
were followed using a diffractometer with reaction camera from ambient temperature to 1400 ºC, also a set of 5 
mm-diameter cylinders were made with the milled raw clay by pressing, and then heated from 1000º to 1400 ºC 
and sudied by field scanning microscopy (FESEM) and transmission electron microscopy (TEM).

The XRD study of the lower alumnium content sample (48% SiO2, 43% Al2O3) was composed of kaolinite (90%) 
and minor proportions of hematite, anatase, rutile and chlorite. With firing, the kaolinite contents decrease and its 
(001) reflection was broader probably because of the dehydroxylation process. Kaolinite disappeared at around 
600 ºC. The anatase content also decreased with temperature and disappeared at 1050 ºC. Hematite is present at 
all temperatures and its content increases from 1250 ºC. At 650 ºC a ϒ spinel structure is detected and lasts up 
to 1150 ºC. The ϒ spinel formation coincides with the kaolinite disappearance. Finally, mullite and cristobalite 
growth from 1050ºC and the increase of the XRD patterns background with temperature suggests the formation 
of a vitreous component. 

The XRD study of the higher alumnium content sample (51% SiO2, 45% Al2O3) was composed mainly of kao-
linite with traces of anatase and rutile. With firing at 600 ºC, kaolinite disappeared and the only crystalline phases 
present were anatase and rutile, that were decreasing with temperature and disappeared at 1250 ºC and 1350 ºC 
respectively. Mullite and cristobalite appear at 1250ºC as the only newformed phases. The increase of the XRD 
patterns background with temperature also suggests the formation of vitreous component.

Electron microscopy images show that the fired samples are formed by rock fragments and matrix, probably as 
a consequence of the manufacture process of the cylinders. From 1100º to 1450 ºC, the fragments show reation 
edges and, in general, evidences of vitrification. Both fragments and matrix have Al- and Si- rich composition 
and they consist of needle- like mullite crystals embedded in a Si-rich matrix. The length of the mullite crystals, 
randomly oriented, increases with temperature, from less than 100 nm at 1100º to more than 1100 nm at 1400 ºC. 
The chemical analyses of the mullite show that it is non-stoichiometric. In comparison with theoretical mullite, 
with an Al/Si ratio of 2.9, our analyses show less aluminium than expected and also appear minor proportions of 
Fe and Ti (Fe>Ti) which are probably replace Al in the mullite structure. The (Al+Fe+Ti)/Si ratio increases with 
temperature from 1.05 at 1100 ºC to 1.33 at 1400 ºC. The content of Fe+Ti increases with temperature from 0.3% 
at 1100 ºC to 2% at 1400 ºC.
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The obtaining of isomorphic imogolite structures through total or partial substitution of Si by Ge (Al-Ge imogo-
lite) and Al by Fe ((Al+Fe)-Si imogolite) has been successfully synthesized [1,2], however, recent theoretical work 
done by Guimarães et al., suggests that based on structural and geometric similarities is possible to obtain similar 
imogolite structures of type (OH)3Al2O3XOH, (where X = As (III), As (V), P (III), P (V )) [1]. The synthesis of 
these new materials should consider aspects such as pKa and solubility of the starting reagents, since these prop-
erties could have significant effects on the kinetics of growth and yield of the synthesis. This paper proposes the 
preparation of an isomorphic structure of imogolite, called Imo-As-ite, based on the partial replacement of Si(OH)4 
(equivalent to 10% w/w) by H3AsO3. The material obtained was characterized by FT-IR, IEP and TEM.

The analysis of the FT-IR showed differences among the studied materials, highlighting, two characteristic signals 
of the -OH, in the imogolite, the 3500 and 3224 cm−1 were observed, corresponding to the hydroxyl belonging to 
≡Al-OH and ≡Si-OH groups, respectively. For Imo-As-ite the hydroxyl signal corresponding to the Al-OH (3474 
cm-1) groups was observed, whereas bands associated with internal hydroxyls were not detected, because the 
formation of the tubular structure of Imo-As-ite involves all the As-O bonds of arsenite. The FT-IR spectrum of 
Imo-As-ite, two bands were observed at 1050 and 981 cm-1, which may possibly be attributed to the development 
of a tubular structure (stretching vibration As-O), which is displaced and attenuated, if compared with what was 
reported for imogolite, for the stretching vibration of Si-O (990 and 939 cm−1). Other bands were identified at 1646, 
1384, 545, 388 and 372 cm−1, which refer to different variations of Al-OH [3].

The value of the IEP for Imo-As-ite was lower than the imogolite, reaching values   of 8.09 ± 0.02 and 9.50 ± 0.02, 
respectively. This displacement can be explained because As is more electronegative than Si (2.1 for As and 1.8 for 
Si), generating the H+ of aluminols groups that form the outer surface of Imo-As-ite, more acid.

The morphology of the samples of Imo-As-ite and Imogolite were evaluated using transmission electron micros-
copy (TEM). The TEM images showed differences in the dimensions of both materials. The average external di-
ameter determined for Imo-As-ite was 2.80 ± 0.4 nm, whereas for imogolite reached the 2.1 ± 0.2 nm, these values 
were determined based on measurement of various samples at different scales (n = 25). A decrease in length was 
observed for Imog-As-ite in comparison to Imogolite, suggesting that substitutions involving an increase in diam-
eter affects the one-dimensional nanotube growth, similar results have been reported for aluminogermanates [3]. 
Imo-As-ite synthesis were observed in two types of by-products, spherical morphology and type needles, which 
would indicate that the process of obtaining of Imo-As-ite is not entirely clean.

This work successfully demonstrated the synthesis of imogolites with structural arsenite, with a theoretical per-
centage of 10%, with different morphological and superficial characteristics. The present results demonstrate the 
potential of inexpensive synthesis protocol for obtaining nanotubular structures with a variety of compositions 
adapted for specific applications. 
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In the previous works high temperature phase changes were investigated in ceramic bodies derived from West-
erwald ball clay HB and their mixture with illitic clay or feldspar[1] and alkali and alkali-earth flux [2]. In this 
present work, the effects of 5 wt% K2CO3 addition and grinding with planetary ball mill (Turbula) on physical 
properties of ceramic bodies derived from same Westerwald ball clay (HB) containing of three different concen-
trations (20,40, 60 wt%) alumina were investigated by measuring modulus of elasticity (E) and densities and 
calculating porosities from these densities. It was found that wet-mixed HB- 60 wt% alumina with K2CO3 and HB-
60 wt% alumina without K2CO3 had maximum and minimum E modulus respectively. But, the reverse behaviors 
were observed in the HB - 20 wt% alumina bodies with K2CO3 and without K2CO3. Grinding 2 h, 4 h and 8 h 
decreased the E modulus in all studied bodies. Grinding 2 h of mixture of 20 wt% alumina bodies with or without 
K2CO3 resulted well developed secondary mullite formations, but further grinding decreased mullite formation in 
all bodies, but completely inhibited mullite formation in the bodies with K2CO3. Furthermore, the glassy phase of 
the alumina rich body with K2CO3 and milled 8h was more efficient due to lack of mullite nucleation-crystalliza-
tion which can lead to less viscous liquid and high wettability, than those of v the bodies without K2CO3andcaused 
well sintered body which had highest E modulus of all the studied bodies. The measured E modulus of ceramic 
bodies derived from above compositions shows that the changes of E modulus dependent on microstructure, i.e. 
the type and amount of glassy and crystalline phases which is determined by their optimal distribution of these flux 
or flux cations are largely controlled by the extent of the mixing, i.e. different milling times. In this present work, 
the changesand evolution of the measured physical properties of ceramic bodies derived from HB-alumina-K2CO-
3mixtures was discussed on the basis of the result of previous works on phase change of Westerwald ball clay and 
review of several theories on elastic properties of brittle solids [1,2,3,4,5,6].
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Nanotechnology applied to medicines is a growing area due to technological advances over the last decades. Solid 
lipid nanoparticles (SLN) are lipid carriers, composed of one or more solid lipids dispersed in the presence of a 
colloidal stabilizer [1]. These systems can be used as drug delivery systems and can promote improvements in 
the effectiveness of the drug, by the drug protection and the modification of the pharmacokinetics profile, while 
decreasing the drug’s adverse side effects [2]. As lipid systems, clays have also gained attention for their abili-
ty to carry drugs. Laponite (LAP), a synthetic hectorite clay, of the empirical formula Na+

0.7[(Si8Mg5.5Li0.3) O20 
(OH)4]

-0.7, is formed by lamellae, composed of tetra and octahedral plates, which favour the packaging of several 
compounds [3,4].

The objective of this study was to evaluate the influence of Laponite on two distinct SLN models, which differ in 
their lipid compositions. The production of SLN was by the fusion-emulsification´s method, where the structural 
lipids cetyl palmitate (CP) or myristyl myristate (MM), with the colloidal stabilizer Poloxamer 188 were used. 
Hybrids systems were obtained by mixing SLN´s colloidal dispersion with 3% (w/w) of LAP, homogenized for 24 
hours and stored at 25 ºC.

The nanoparticles (SLNCP and SLNMM) and the hybrids systems (SLNCPLAP and SLNMMLAP) were evaluated by 
hydrodynamic diameters, zeta potential (ZP), and polydispersity index (PDI). Thermal behavior was obtained by 
thermogravimetric (TG) analysis and differential scanning calorimetry (DSC) to evaluate the thermal stability and 
crystallinity of the samples respectively. X-ray diffraction (XRD) analysis, was also useful to reveal polymorphic 
structural changes of compounds that were used in the study of SLN dispersions and hybrids samples [2].

The hydrodynamic diameters of the SLNs produced using CP and MM lipids were 145.9±2.6 and 110.5±1.2 nm, 
respectively, the polydispersity of the nanoparticles was equal to or less than 0.2. Zeta potential values provide 
valuable information about the stability of a colloidal system, and can be influenced by factors including electrical 
conductivity, pH, and the nature of the reagents. The increase in the ZP value (in module) of the hybrids systems 
(SLNMMLAP, -24.4±0.7, SLNCPLAP, -27.8±0.9) was observed in relation to the nanoparticles (SLNMM, -13.4±2.1, 
SLNCP, -5.7±2.0) without LAP. The TG results provided information about the physical stability of the lipid nano-
particles and hybrids systems that were observed, only around 200ºC degradation of all samples. The calorimetric 
analysis by DSC showed a reduction of crystalline state in samples containing LAP. XRD measurements were 
carried out for SLNMM, SLNCP, SLNMMLAP, SLNCPLAP, raw lipids and Poloxamer 188. The diffractograms of pure 
lipids, Poloxamer 188 and nanoparticles without LAP (SLNMM and SLNCP) confirmed their high crystallinity. The 
diffractogram profile with hybrid systems showed a noticeable structural change with amorphous forms in both 
formulations (SLNMMLAP and SLNCPLAP), these results agree with those obtained by DSC. Low crystallinity of 
the solid lipid core of the SLN and hybrid systems is desirable because it is associated with a reduced rate of loss 
of the active agent from the carrier system, which increases the shelf life of the product [2].

These experimental works showed that it was possible to obtain the SLNs by the fusion-emulsification method. 
LAP favoured the formation of a carrier system by reducing the crystallinity of nanocarriers, which can contrib-
ute to the storage of drugs. In addition, a physically stable system was shown to be a promising system for drug 
delivery.

[1] Pardeike J., Hommoss A., Müller R. (2009). Lipid nanoparticles (SLN/NLC) in cosmetic and pharmaceutical dermal products. Interna-
tional Journal of Pharmaceutics 366, 170 - 184. 
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pid carriers as robust system for topical lidocaine-prilocaine release in dentistry. European Journal of Pharmaceutical Sciences 9, 192-202.
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Delivery. Nanomaterials, 1716-1731.
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The assembly of organic-inorganic nanohybrid materials has been widely investigated in clay science and nanotech-
nology related applications. Resulting from the combination in which the organic and inorganic parts interact at a 
molecular level, such nanostructured hybridsprovide unique physico-chemical and mechanical properties and new 
functionalities [1,2]. When the organic constituent originates from a natural source, such as a biopolymer, these ma-
terials are frequently described as biohybrids. Generally, hybrid and biohybrid materials present new properties that 
make them suitable for a range of applications, for instance, the adsorption of pollutants in water treatment or remedi-
ation, including heavy metals [3] and organic compounds [4,5]. In that regard, hybrid and biohybrid materials can be 
prepared by combining monomers or polymers, which act as organic component, with lamellar and fibrous silicates 
as inorganic counterpart to explore intercalation and grafting reactions, respectively [6]. Indeed, layered silicates (e.g. 
montmorillonite) have received a great deal of attention due to their intercalation properties, whereas fibrous clay 
minerals (e.g. palygorskite) exhibit other attractive features, namely their microporosity, high specific surface area and 
density silanolgroups, giving rise to their use in grafting synthetic approaches [1,2]. Under these circumstances, this 
work introduces the preparation and characterization of nanohybrids materials based on two natural silicates: montmo-
rillonite and palygorskite. Such clay minerals were organically modified with a surfactant (i.e. 3-aminopropyltrieth-
oxysilane, APTES) and a biopolymer (i.e. gelatin) to prepare hybrid and biohybrid materials, respectively. The func-
tionalization of both layered and fibrous clay minerals was studied by varying the amount of gelatine in biohybrids, 
and by using three different types of synthetic procedures for preparing hybrids through silylation reactions involving 
APTES. The nanohybrids were characterized by several physico-chemical techniques. Accordingly, it was observed 
that modifications on montmorillonite based materials showed an intercalated structure which are mainly driven by ion 
exchange mechanisms, regardless of the organic modifier. On the other hand, nanohybrids based on palygorskite are 
functionalized through mechanisms that are induced by interaction forces between residual gelatinchains or APTES 
silane groups with silanol groups located on the mineral surface. In either case, we synthesized APTES-based nano-
hybrids in solvents exhibiting unlike relative polarity (toluene, water/ethanol and water/acetone), which would affect 
the hydrophilic/hydrophobic character of the resulting nanohybrids. Both hybrid and biohybrid materials were applied 
as adsorbents for the removal of organic contaminants from aqueous solution. For this purpose, we selected a hydro-
philic and a hydrophobic compound as model molecules (i.e. caffeine and curcumin, respectively). Biohybrids based 
on montmorillonite and gelatine resulted in good adsorption capacities for caffeine, while hybrids based on APTES 
and montmorillonite orpalygorskite displayed different adsorption profiles, depending upon the pH at the equilibrium 
and the solvent employed in the synthesis. This implies that the solvent plays a crucial role in silylation reactions on 
silicate surfaces. Hence, these materials showed selectivity for the removal of organic pollutants with different polari-
ty, in this case, caffeine and curcumin. In brief, silicate-based nanohybrids showing enhanced physical and functional 
properties can be designed to interact with specific organic molecules, which makes this class of versatile materials 
very promising in different field of applications, such as water remediation.
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Attapulgite is a hydrated magnesium aluminum silicate with a fibrous structure, formed by tetrahedral and octa-
hedral sheets in a ratio of 2:1. Periodic inversion of the tetrahedral sheet of the clay results in the formation of 
channels along the fiber whose restricted dimensions allow the adsorption of small molecules [1,2]. A way to opti-
mize the reactivity and adsorptivity of this and other clays consists of activation in an acid medium and by heating 
or the addition of organic modifiers. Thus, this study aimed to evaluate the effect of treatment acid, heat and the 
combination of both on attapulgite characteristics obtained in Guadalupe-PI (Brazil). Samples were previously 
washed and sieved in a 200 mesh, and then treated. Structural characterization was performed by Fourier transform 
infrared spectroscopy, crystallinity was determined by X-ray powder diffractogram and its chemical composition 
was defined by X-ray fluorescence. Acid activation was performed by dispersing solid 1% (w/v) in 5M H2SO4 at 
70 °C for one hour, resulting in the solubilization of some contaminants contained in the clay, such as carbonates. 
This removal was confirmed by the disappearance of the characteristic band of this impurity seen between 1550 
and 1300 cm-1 [3]. The same result was not observed in the activated sample under heating at 250 °C for 3 hours, 
since the decomposition of this impurity only occurs at temperatures above 500 °C [4]. Therefore, the elimination 
of carbonates by thermal activation is impractical, because excessive heating causes the collapse of the three-di-
mensional structure of the clay due to dehydroxylation. Characteristic diffraction peaks of attapulgite (2θ = 8.3°, 
19.8° and 20.8°) were identified in all samples tested. Diffractive profiles of the acid-treated clays corroborate the 
effect of the concentrated acid solution observed in the infrared spectroscopy, with the disappearance of the peak 
at 2θ = 31° for carbonates such as calcite [5]. Heating attemperatures above 300 °C can cause amorphization of the 
material due to the removal of structural water, with reduction of peak intensity, however the results showed that 
there were no pronounced changes in the crystallinity of the thermally activated samples, since the temperature 
adopted corresponds mainly to the loss of water adsorbed and zeolitic [6]. Untreated clay is composed mainly of 
SiO2 (49.53%), MgO (12.31%) and Al2O3 (10.30%), which has its composition altered at each applied treatment, 
emphasizing the reduction of MgO and CaO in the samples exposed to sulfuric acid, reduction of organic matter 
after heating and increased SiO2 ratio of all activated samples. So, based on the analyses, it can be said that the 
treatments employed were effective in removing organic and /or inorganic impurities inattapulgiteand simultane-
ous thermal and acid activation was the most efficient of the conditions adopted to purify and benefit raw attapulg-
ite without causing crystal damage.

[1] López-Galindo A., Viseras C., Cerezo P. (2007). Compositional, technical and safety specifications of clays to be used as pharmaceutical 
and cosmetic products. Applied Clay Science, p. 51-63. 
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blue. Chemical Engineering Journal, p. 143-150.
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neering, p. 1274-1294.



Scientific Research Abstracts
Vol. 7, p. 43, 2017
ISSN 2464-9147 (Online)
XVI International Clay Conference | ICC 2017 | Granada, Spain
© Author(s) 2017. CC Attribution 3.0 License

CLAY MINERALOGY OF INLAND EPHEMERAL ALKALINE 
ENVIRONMENTS (CABALLO ALBA LAKE, SPAIN)

xaBiEr arroyo (1)*, paBLo dEL BuEy (2), Óscar caBEstrEro (2), EsthEr sanz-montEro (2)
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*xarroyo@ucm.es

There are approximately 50,000 playas or playa lakes on Earth. These are intracontinental, small, shallow basins 
which frequently evaporate to dryness. Most of the European ephemeral and shallow water bodies are found in 
Spain. These are concentrated in four major closed-drainage areas. One of these closed drainage areas, the Duero 
Basin, is located in the center of Spain approximately 150 km north of Madrid and consists of highly alkaline(pH 
values 8-11), brackish to salinelakes (1-9 g L-1) containing a high concentration of chloride with dominant car-
bonate over sulphates. This complex lies over Miocene sediments being mainly comprised of dark grey sandy 
clays and silts enriched with organic matter. According to Cabestrero and Sanz-Montero (2016) the sediments 
of these playa basins consist of up to 50% of detrital grains (clays, feldspars, quartz and carbonates) as well as 
authigenic minerals (up to 80% from spring to summer) containing carbonates, sulphates and chlorides. Particu-
larly, CaballoAlba Lake has a general type water composition Na+-Cl--(SO4

2-)-(HCO3
-). The Mg2+/Ca2+ ratio is 6.1, 

while Na+/Cl- ranges from 1.64-2.94. Up to 40% of gypsum is present in the shore areas of Caballo Alba, due to 
the highest Ca2+ values among the rest of the lakes of the basin. The smooth surface of the lake hosts a veneer of 
microbial mats showing a green, occasionally purple layer. Microbes induce changes in the chemical composition 
and mineralogy. The aim of this work is to analyse the clay mineralogy (XRD, TEM and AEM characterization) in 
order to understand accurately the genesis of authigenic clay mineral assemblages.

Representative surficial and core samples with nearly 50% of phyllosilicates have been taken to analyse the clay 
mineralogy of Caballo Alba Lake. The XRD study of <2 µm fractions in oriented mounts reveals that the clay 
mineral phases are composed of approximately 30% of smectite and 65-70% of dioctahedral detrital micas with 
subordinate kaolinite. The absence of palygorskite and sepiolite minerals is remarkable. TEM-AEM preliminary 
results, obtained from powders dispersed on holey C-coated formvar Cu grids; show that smectite particles appear 
as plates with the typical flaky and wavy morphology poorly developed. The calculated structural formulas (from 
45 analyses), normalized to O10(OH)2, show smectitic particles with a trioctahedral character (closer to 3.00 cation 
p.f.u) with Mg as the dominant cation in the octahedral positions and minor amounts of Al, Fe, Mn and Ti. Thet-
rahedral substitution of Si for Al (Si3.87, Al0.13) to (Si3.01, Al0.99) has been found, indicating a tetrahedral location of 
layer charge. These data indicates a saponitic nature of the smectites with compositions located in the discontinuity 
between dioctahedral to trioctahedral smectite system. The interlayer cations are K, Ca, Mg and Na in order of 
abundance. Na interlayer occupancy tends to increase with the depth of the sample.

The physicochemical conditions, the clay mineral assemblage, the textural features and the presence of saponite 
with intermediate chemical composition, which points out its metastable character (Yamada et al. 1999); allow us 
to consider this example as an important analog for understanding brine evolution, smectite formation pathways 
and biological activity influence in shallow water settings that have existed since the Archean on Earth and perhaps 
on Mars.

Acknowledgment: we thank Spanish Ministry of Economy and Competitivenessfor financial support (CGL2015-66455-R).

[1] Cabestrero O. and Sanz-Montero M.E. (2016). Brine evolution in two inland evaporative environments: influence of microbial mats in 
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HYDROTHERMAL SYNTHESIS OF ZEOLITE T FROM KAOLIN USING 
TWO DIFFERENT STRUCTURE DIRECTING AGENTS
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Zeolite T were synthesized from molar chemical composition of 1SiO2: 0.04 Al2O3: 0.26 Na2O: 0.09 K2O: 14 H2O 
in form of homogenous milky solution in presence of two different structure directing agents of TMAOH and 
TEAOH respectively. Modification for composition of silica were using metakaolin from calcined kaolin at 750 
°C in 4 h while molar composition of each different SDA were variated from 0.05, 0.10, 0.15, 0.20 and 0.25. The 
homogenous mixture was left at room temperature for 24 h before undergoing hydrothermal synthesis at 100 °C 
for 168 hours. Synthesized samples filtered and aged at 120 °C for 2 h and each samples were calcined at high 
temperatures (545 °C for TMAOH and 520 °C for TEAOH) for templates removal before characterization using 
XRD and SEM. Crystallization of zeolite T in major form were only at molar ratio of 0.10 of TMAOH while in 
TEAOH showed species evolution of zeolite T into zeolite L and W for the other molar ratios.

Keywords: zeolite T; offretite; erionite; hydrothermal; kaolin; metakaolin; SDA; TMAOH; TEAOH.
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AGGREGATION OF PRENUCLEATION CLUSTERS OF “HIDDEN PHASE” 
(QUATARONS) AS MECHANISM FOR FORMING OF AMORPHOUS NANO-
MICRO PARTICLES
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By advanced analytical techniques globular internal structure is often found in natural nanomaterials. However, 
the mechanism of formation the nanoparticles, composing such materials, hitherto remains unclear. This report 
gives general principle of building nano-micro particles, developed on base of the quataron concept of self-organ-
ization of matter at nanolevel [1].

The main idea of the quataron concept is that in supersaturated media specific nanoclusters - clusters of “hidden” 
phase or quatarons - are formed. Quatarons represent an intermediate phase at nanolevel. They are special pre-nu-
cleation clusters with quite unusual properties. Quatarons are amorphous formations with dynamic structure with 
oscillating interatomic distances. Atoms and molecules inside quatarons move and rotate, remaining “connected” 
with each other. Quatarons are high-energy clusters - a part of energy, which could be discharged at their forma-
tion remains in quatarons as stored energy. The circumstance that only quatarons, which radius exceeds 4d, where 
d is diameter of cluster-forming atoms (molecules), can be potential centers of crystallization, has fundamental 
importance for forming amorphous nano-micro particles. Quatarons of smaller sizes are the base (primary) parti-
cles for forming structural units of nanostructured natural amorphous materials. The main mechanism for forming 
self-assembled materials is an aggregation of quatarons sized from d to 2d. Quatarons in interval from 2d to 4d are 
capable to form larger secondary clusters by merging.

Different variants of aggregation of quatarons are considered. It is found that forming structural units in opal-like 
materials (globules) is related with fractal aggregation of primary particles (quatarons). Typical sizes (150-450 nm) 
of structural units are reached at the third level of fractal aggregation of quatarons, rarer at the second one.

This general rule for formation of particles is confirmed by study the internal structure of the units of natural and 
synthetic opals, other amorphous materials. It also applies to the case of aggregation of nano-sized particles of 
clay minerals.

This work is supported by grants of Program of Basic Researches of UB RAS (15-18-5-45, 15-11-5-33).

[1] Askhabov A. (2004). Cluster (kvataron) selforganization of substance of the nano-level and formation of crystalline and non-crystalline 
materials. Zapiski VMO (Proceedings of the Russian Mineralogical Society), pp. 108-123.
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CLAY-ATMOSPHERE INTERACTION IN A HIGH RISK OF SHRINKAGE 
AND SWELLING ZONE
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Natural clayey soils, and their associated risk of shrinkage and swelling are considered as a natural hazard in 
France. This natural hazard causes structural damage to lightweight constructions (e.g. residential and industrial 
buildings and roads) due to differential settlements. Since this has been a big concern for the government and 
particularly for the insurance companies in terms of indemnity, extensive research has been carried out to predict 
and prevent this hazard [1]. The interaction of natural clayey soils with the environment and the atmosphere is one 
of the major tasks to be taken into account. Changes in the climatic parameters along with the presence of clayey 
soils could increase the risk of damage. 

The aim of this paper was to study the interaction of a clayey soil region with the environment in a high risk of 
shrinkage and swelling zone. To study the problem, energy and water balance were used to determine the clayey 
soil surface conditions. Climatic data such as air temperature, rainfall, relative humidity and global solar radiation, 
were used in the balance equations. The energy balance equation was solved along with other equations for the 
energy balance terms. A new theoretical method was proposed by combining three different methods to calculate 
the clayey soil surface temperature in time [2,3]. On the other hand, the water balance equation gives the clayey 
soil surface water flow in time which can be used to determine the flow condition in the soil. The energy balance 
equation also gives the energy balance terms, G (soil heat flux), Rn (net solar radiation), H (sensible heat) and 
LeE (Latent heat of evaporation). These atmospheric parameters are essential for the clay-atmosphere interaction 
analysis. The geotechnical properties of the clayey soil were considered and the retention properties were adjusted 
by using a suitable soil water retention curve (SWRC). In addition to surface condition, a coupled hydro-thermal 
analysis [4] was carried out to determine the changes of the clayey soil parameters (such as temperature, suction 
head, water content) in depth and time. The soil surface temperature and surface water flow were used as initial 
boundary condition in the analysis. Simulations were compared to the experimental data and the results were co-
herent. Results also show that the changes and variations in the matrix suction value are at the origin of this kind of 
hazard. Even though natural clayey soils can perform well as environmental barriers, but they can also be sensitive 
to climatic variation. 

Keywords: Natural Clay, Shrinkage and Swelling hazard, Energy balance, Water balance, Hydro-Thermal analysis.
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thermal-based two-source energy balance model using Priestley-Taylor approach for surface temperature partitioning under advective 
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CLAY WOR(L)D
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World-wide linguistic diversity and affinity of the word ‘clay’ is presented on a map as a playful patch of colour. 
It is indicated in all European and several other languages spoken in the world, and a flow chart typifying etymo-
logical roots and historical evolution of the word is also performed.
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CLAY-MEDIATED COMPATIBILIZATION IN POLYETHYLENE/
POLYAMIDE/NANOCLAY BLENDS
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Since the early 1900s, adding fine particles to low viscosity liquid immiscible phases is known to be an efficient 
route to stabilize droplet morphology [1]. More recently, the same strategy was used to refine and stabilize the 
nodular morphology of immiscible polymer blends by adding nanoparticles (carbon black, silica, clay) [2]. 

In the present work, the apparent compatibilizing effect of clay nanoparticles in immiscible polymer blends was 
studied for polyethylene/polyamide (PE/PA) blends with droplet morphology, filled with organically modified 
montmorillonite (OMMT) having a selective affinity towards PA. Scanning electron microscopy was used to 
characterize the blends morphology, clay structure was investigated using wide-angle X-ray diffraction, and trans-
mission electron microscopy observations were used to characterize clay localization and dispersion. Besides, the 
melt-state and solid-state mechanical properties of PE/PA/OMMT ternary blends were studied: rheological tests 
were carried out in order to characterize the linear viscoelastic properties of the melts, and tensile tests were per-
formed in order to characterize the solid-state mechanical properties of the blends at small and large deformations.

PE/PA blends compositions exhibiting droplet morphology were first determined, for different OMMT fractions, 
and different PE/PA polymer couples. In the case of a low viscosity PA minor phase and a high viscosity PE ma-
trix, clay nanoparticles were shown to be exclusively located at PE/PA interface, forming a more or less developed 
PA-intercalated OMMT nanocomposite interphase [3,4]. 

The structural characterization revealed the presence of numerous and various defects in the PA-intercalated 
OMMT nanostructured interphase, and the linear rheological characterization of the blends highlighted the soft 
character of this interphase, whose viscoelastic properties were shown to be governed by a long relaxation time 
increasing with clay fraction [5]. 

At low clay fractions, for which a small clay interfacial coverage was observed, the decrease of the interfacial ten-
sion with increasing OMMT content was inferred from fitting the linear viscoelastic properties of PE/PA/OMMT 
blends with the simplified Palierne’s model [6]. At higher clay fractions, for which a fully developed interphase 
was observed, the full Palierne’s model [7] was used to investigate the complex viscoelastic properties of the 
PA-intercalated OMMT nanostructured interphase [8]. 

Finally, addition of OMMT to PE/PA blends was shown to strongly influence both linear and non-linear solid-state 
tensile mechanical properties of PE/PA/OMMT ternary blends. Quite interestingly, the tensile properties at break 
were shown to be improved by clay addition, possibly due to the ability of the PA12-intercalated OMMT inter-
phase to dissipate energy through different deformation-induced interphase restructuration mechanisms.

All results highlight the prominent role played by the soft PA-intercalated OMMT nanocomposite interphase in 
the morphology refinement and stabilization, as well as in the solid-state mechanical properties of PE/PA/OMMT 
blends. 

[1] Pickering S.U. (1908). J Chem Soc Abstr 91, 2001-2021.
[2] Fenouillot F., Cassagnau P., Majesté J.-C. (2009). Polymer 50, 1333-1350.
[3] Huitric, J., Ville J., Médéric P., Moan M., Aubry T. (2009). J Rheol 53, 1101-1119.
[4] Labaume I., Huitric J., Médéric P., Aubry T. (2013). Polymer 54, 3671-3679.
[5] Ville J., Médéric P., Huitric J., Aubry T. (2012). Polymer 53, 1733-1740 (2012).
[6] Graebling D., Muller R., Palierne J.F. (1993). Macromolecules 26, 320-329.
[7] Palierne J.F. (1990). Rheol Acta 29, 204-214.
[8] Labaume I., Médéric P., Huitric J., Aubry T. (2013). J Rheol 57, 377-392 (2013).
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EVALUATION OF THE POTENTIAL OF CALCINED KAOLINITIC CLAYS 
USED AS CLINKER SUBSTITUTE IN LIMESTONE CALCINED CLAY 
CEMENT (LC3)

françois avet, karen sCrivener*
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Limestone calcined clay cements (LC3) are a promising approach to reduce the clinker content of cement. In 
LC3-50 systems, the clinker content is reduced to 50%, with 30% of calcined clay, 15% of limestone and 5% of 
gypsum. Among the different classes of clays, kaolinitic clays show the highest pozzolanic potential after thermal 
activation[1]. The higher reactivity of kaolinitic clays can be explained by the higher amount and the position of 
hydroxyl groups in the kaolinite structure. During calcination, this leads to more disorder and to the presence of 
AlV exposed at the surface of the material.

In this study, the influence of the kaolinite content of clays (defined as calcined kaolinite content for calcined clays) 
is investigated, since middle grade kaolinitic claysare inexpensive and abundant on earth. First, a benchmark test 
of calcined clay mortar strength is launched in order to establish criteria of feasibility for suitable clays in cement. 
Moreover, due to the large number of calcined clays available worldwide, a new Rapid, Relevant and Reliable 
(R3) pozzolanic test was developed to get a quicker indication of calcined clay reactivity. This test is carried out 
on portlandite/calcined clay/limestone model systems. The reactivity is assessed by measuring the heat release by 
isothermal calorimetry and by determining the bound water using simply an oven. 

Concerning the benchmark test, strong linear correlations between LC3-50 strengths and the calcined kaolinite 
content of the calcined clays are obtained. Other parameters of calcined clays such as fineness, specific surface and 
secondary phases only play minor role in strength development. From the R3 pozzolanic test, linear correlations 
are obtained between strength results on mortars and the heat release on model systems after only 24 h of testing 
by isothermal calorimetry and 72 h by thermal treatment in oven. Thus, the R3 test permits to predict the strength 
development of LC3-50 mortars. 

[1] Fernandez R., Martirena, F., Scrivener, K. (2011). The origin of the pozzolanic activity of calcined clay minerals: A comparison between 
kaolinite, illite and montmorillonite.
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THERMAL PROPERTIES OF SOME EGYPTIAN KAOLIN PASTES FOR 
PELOTHERAPEUTIC APPLICATIONS 
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Thermotherapy is a recognized medicinal strategy based on the analgesic and anti-inflammatory effects that heat 
application produces on the human body. Pelotherapy, or mud therapy, has received much attention because clays 
are ubiquitous, cheap, and exhibit good heat retention capacity [1,2]. The present study aims to evaluate the po-
tentiality of 7 selected well-crystallized kaolinite-rich samples (namely, K: Wadi Khaboba; H: Gabal Hazbar; N: 
Wadi Abu Natash) from Egyptian Carboniferous sedimentary deposits (located at the Abu Zenima district, west 
central Sinai peninsula; [3]) to use them in medicinal semisolid formulations as peloids. The effect of particle size 
is studied to check their influence on thermal dosage performance.

The studied samples exhibit a variable mineralogy. Kaolinite is the main constituent (ranging from 81 to 94%), 
followed by quartz (up to 14%), lesser amounts of anatase and halite, and traces of hematite, magnetite, alunite 
and gypsum. The kaolinite Hinckley Index varies from 1.28 to 1.50. 1:1 (w/w) kaolin mud pastes were prepared 
with purified water in Eppendorf tubes using a touch vibration vortex mixer for 2 minutes. The cooling kinetics 
of pastes were measured by using a differential scanning calorimetry equipment (Shimadzu DSC-50Q). Specific 
heats were calculated, following [4]. The granulometry and geometric surface area were measured by laser diffrac-
tion (Mastersizer 2000LF, Malvern Instruments) in the range 0.02 and 1500 μm.

All analyzed samples showed a clear predominance of particles under 4 µm (ranging from 82 to 94%), with me-
dian size (D50) ranging from 0.93 to 1.35 µm. The heat retention time during cooling from 50 °C to 32 °C reached 
up to 30.82 minutes, oscillating around an average of 28.72 minutes, and the temperature corresponding to the 
minimal dosage time (T20) was not exceed below 34.7 °C. A good correlation (R2 = 0.875) was found between 
heat retention time and specific heats. There is no correlation between kaolinite content and thermal properties, 
but R2 values around 0.6 are found with granulometry (finer the particles, greater the heat retention time t32 and the 
specific heat). Even if sample H5 (Gabal Hazbar deposit) is not the richest in kaolinite, it exhibits the best thermal 
dosage performance, in accordance with the granulometry (D50 = 0.93 µm), and geometric surface area (3.73 m2/g).

[1] Veniale F., Bettero A., Jobstraibizer P.G., Setti M. (2007). Thermal muds: Perspectives of innovations. Applied Clay Science 36, 141-147.
[2] Gomes C.S.F, Silva J.B.P, Gomes J.H.C. (2015). Natural peloids versus designed and engineered peloids. Bol. Soc. Esp. Hidrol. Méd. 

30(1), 15-36.
[3] Awad M.E., López-Galindo A., El Rahmany M.M., El Desoky H.M., Viseras C. (2017). Characterization of Egyptian kaolins for health-

care uses. Applied Clay Science 135, 176-189.
[4] Cara S., Carcangiu G., Padalino G., Palomba M., Tamanini M. (2000b). The bentonites in pelotherapy: thermal properties of clay pastes 

from Sardinia (Italy). Applied Clay Science 16, 125-132.
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MOLECULAR MODELING OF INTERACTIONS BETWEEN ENVELOPE 
GLYCOPROTEIN E1 OF HEPATITIS C VIRUS AND KAOLINITE 
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The Hepatitis C virus (HCV) is a worldwide health challenge; so new strategies should be enhanced to develop 
the anti-viral drugs, including the use of natural materials like kaolinite [1]. Transmembrane domains (TMD) of 
envelope glycoproteins (TMDs-E1 and E2) play a direct role in heterodimerization and supposed to be essential 
for the formation of the viral envelope. In particular, the N-terminal peptide sequence [E1-(350-370)] of this TMD 
might be acted as receptor for binding and connecting to the host cells and is responsible for virus fusion. There-
fore, if any alterations occurred in the charged residues of TMD structure, could lead to inhibition of the virus by 
disabling the functions of E1 and E2[2]. This work intends to explain the expected pathways and mechanism of 
kaolinite surfaces as inhibitory effect against HCV particles, and to facilitate a new trial of therapeutic strategy 
for hepatitis C virus treatment with kaolinite derivatives. The molecular structure of the protein segment TMD 
(350-370) of the HCV envelope glycoprotein E1 and its adsorption on surfaces of kaolinite have been studied by 
means of molecular modeling methods, in both dry and hydrated conditions, using on atomistic force fields based 
on empirical interatomic potentials [3] and molecular dynamic (MD) simulations. Our calculations indicate that 
the studied protein segment is likely to be adsorbed on the kaolinite with an exothermic process. This adsorption 
is more exothermic with the kaolinite aluminol (001) surface than with the siloxane (001) one. The results predict 
that the kaolinite can be considered in an exploratory research for a therapeutic treatment against HCV.

[1] Ali L., Idrees M., Ali M., Hussain A., Ur Rehman I., Ali A., Iqbal S.A., Kamel E.H. (2014). Inhibitory effect of Kaolin compounds against 
hepatitis C Virus in Huh-7 cell lines. BMC Research Notes, 7, 247.

[2] Beeck A., Montserret R., Duvet S., Cocquerel L., Cacan R., Barberot B., Le Maire M., Penin F., Dubuisson J. (2000). The transmembrane 
domains of hepatitis C virus envelope glycoproteins E1 and E2 play a major role in heterodimerization. Journal of Biological Chemistry, 
275, 31428-37.

[3] Borrego-Sánchez A., Viseras C., Aguzzi C., Sainz-Díaz C.I. (2016). Molecular and crystal structure of praziquantel. Spectroscopic prop-
erties and crystal polymorphism. European Journal of Pharmaceutical Sciences, 92, 266-275.
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HYPERSPECTRAL REMOTE SENSING AND SPECTRAL ANALYSIS FOR 
MAPPING AND DETECTION OF KAOLIN QUALITY
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(1) Department of Geology, Faculty of Science, Al Azhar University in Cairo, 11884, Egypt, (2) Instituto Andaluz de Ciencias 
de la Tierra (IACT), CSIC-Universidad de Granada, Spain, (3) Departmento de Farmacia y Tecnología Farmacéutica, 
Universidad de Granada, Spain, (4) Department of Earth and Environmental Sciences, Tulane University, USA, (5) 
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This study aims to use spectral analysis and hyperspectral Hyperion remote sensing images for mapping and evalu-
ating the quality of kaolin deposits. Five EO-1 Hyperion Level 1 GST radiometrically and geometrically corrected 
images of April and May 2011 were used to study the spatial distribution of kaolin mineral in Abu Zenima district, 
Sinai Peninsula, Egypt. Samples were collected from the Carboniferous and Cretaceous kaolin beds in the study 
area. The spectral analysis were carried out on both, bulk and powdered samples, by using an Analytical Spec-
trometer Device (ASD) Portable Spectroradiometer Field Spec Pro JR (A109200), with spectral ranges 350-2500 
nm. The position, depth, full-width-half-maximum (FWHM), and SP Index of absorption features were calculated 
for all of the continuum-removed spectra. X-ray diffraction (XRD) was used to measure the kaolinite degree of 
crystallinity Hinckley index (HI). Results of XRD analyses show that the kaolinite degree of crystallinity in the 
study area varied widely where Hinckley Index (HI) ranges from to 0.27 to 1.50. The Carboniferous kaolin has 
higher crystallinity than the Cretaceous kaolin (Awad et al, 2017). Spectral analysis indicated that the prominent 
absorption features of kaolin spectra occur around ~1400, ~1900, ~2200 and 2300 nm. Results show that there are 
shifting and changes in the morphology of the absorption features with both the kaolinite abundance (wt%) and the 
Hinckley index (HI). Spectral Angle Mapper (SAM) supervised classifications was used to identify kaolin distri-
bution on the Hyperion images using the measured spectra of samples with different crystallinity. Field sampling 
and mapping indicated that SAM classification proved successfulness for identification of spatial distribution of 
kaolin mineral based on the HI crystallinity.

[1] Awad, M.E., López-Galindo A., El Rahmany, M.M., El Desoky, H.M., Viseras, C., (2017). Characterization of Egyptian kaolins for 
health-care uses. Applied Clay Science 135, 176-189.
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NOVEL LAYERED DOUBLE HYDROXIDE (LDH) FOR THE OXIDATIVE 
VALORISATION OF LIGNIN

iqra zuBair awan (1,2)*, nathaLiE tanchoux (2), FrancoisE quignard (2), stEFania aLBonEtti (1), 
didier tiCHit (2), fabrizio Cavani (1), franCesCo di renzo (2)
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The idea of biomass valorisation evolved when fossil resources were found not sufficient to meet the energy de-
mands of the developing industry. Lignin, being an abundant and under valorised bio resource, became the centre 
of interest for scientists in order to have fossil-fuel like aromatic compounds. However, the natural complexity 
of lignin is the major challenge to be addressed before its valorisation. To understand the reactivity pattern and 
effective parameters required for the process, we synthesized lignin model molecules containing β-O-4 linkage 
which mimic the linkages present in real lignin. The model molecules were well characterised by GCMS, NMR 
and MALDI-TOF prior studying their oxidative depolymerisation. The study of reactivity of these molecules will 
provide an insight for tailoring the development of heterogeneous catalysts be able to expand prospective market 
for bio-based product. In this framework, Layered Double Hydroxides (LDH) are efficient precursors having 
finely dispersed mixed metal oxides which have not been extensively studied so far for the depolymerisation of 
lignin. To address this problem, aiming at high surface area and redox properties, we synthesized and characterised 
Ni-Cu-Fe, Ni-Fe and Cu-Fe based systems of mixed oxides in different ratios and calcined them at different tem-
peratures. The catalysts will be used to study hydrolysis and oxidation of β-O-4 linkage in the model molecules. 
In Ni-Cu-Fe System, the phases formed were NiO, CuO, and spinel (NiFe2O4). The spinel formation is delayed at 
500 °C or more. The calcinations of Ni-Cu-Fe and Ni-Fe system catalyst at 400 °C do not exhibit any Fe-bearing 
crystalline phase and the presence of amorphous iron oxide is an important feature of the system [2]. The surface 
area properties were studied as a function of temperature however no significance difference was observed once 
spinel phases were formed.

Early reports have suggested that Copper does not form an LDH with only Iron due to geometrical distortion by 
Jahn-Teller’s effect [3]. In the attempt to understand the threshold value of Cu needed for formation of the LDH 
phase, the Ni/Cu ratio was changed which concluded as the catalysts having least amount of Ni+2 is unable to form 
a LDH phase. To study the phase transformation of LDH to oxide phases, the ratio of divalent Cu+2 and to Fe+3 were 
altered. Following predicted thermodynamic stability of Cu-Fe LDH, various attempts with different ratios and in 
different conditions are made to approach the subtle target of this single phase [1].

The formation of finely intermixed oxide phases from LDH can provide promising catalysts aimed at the depo-
lymerisation of lignin and the selectivity of bond cleavage of β-O-4 linkages or Carbon-Carbon bonds. The signif-
icance of copper in the redox behaviour of iron cations could not only provide useful explanation for the oxidation 
pathways in lignin model molecules but also for the reactivity trend in different conditions [4].

[1] Shi, W., Hu, J., Ni, Z. M., Li, Y. & Liu, J. (2012). Influence of interlayer water content on supermolecular interaction of copperiron layered 
double hydroxides. Acta Physico-Chimica Sinica, 1869-1876.

[2] Trifiro, F., Vaccari, A. & Clause, O. (1994). Nature and properties of nickel-containing mixed oxides obtained from hydrotalcitetype 
anionic clays. Catalysis today, 185-195.

[3] Cavani, F., Trifirò, F. & Vaccari, A. (1991). Hydrotalcite-type anionic clays: Preparation, properties and applications. Catalysis today, 
173-301.

[4] Vozniuk, O., Bazzo, F., Albonetti, S., Tanchoux, N., Millet, J.M.M., Di Renzo, F. & Cavani, F. (2017). Structural changes of binary/ternary 
spinel oxides during ethanol anaerobic decomposition, ChemCatChem, ASAP.
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SIMULTANEOUS REMOVAL OF INORGANIC AND ORGANIC 
CONTAMINANTS FROM WATER BY INORGANIC-ORGANIC CLAYS

suramya i. rathnayakE, waydE n. martEns, yunFEi xi, ray L. Frost, godwin a. ayoko*
School of Chemistry, Physics and Mechanical Engineering, Queensland University of Technology, Brisbane, QLD 4001, 
Australia 

Many methods are available for the removal of organic and inorganic contaminants from water. Of these, adsorp-
tion is one of the most widely used methods. While the adsorptive properties of naturally occurring clay minerals 
are well- known, unmodified clay minerals are rarely used for the simultaneous removal of organic and inorganic 
contaminants. The aim of this work is to explore the use of inorganic-organic clays (IOCs) as effective adsorbents 
for the removal of inorganic and organic pollutants from water. The IOCs were synthesised by intercalating the 
cationic surfactant, octadecyltrimethylammonium bromide (ODTMA), and inorganic cation, metal hydroxy poly-
cations (hydroxy aluminium, Al13) into Ca-montmorillonite (Ca-Mt). Three intercalation methods were employed 
and different ODTMA concentrations were used [1,2]. The obtained IOCs were fully characterised by X-Ray 
diffraction (XRD), Thermogravimetric analysis (TG), Fourier Transform Infrared spectroscopy (FTIR), and Brun-
auer, Emmett and Teller (BET), and their abilities toremove both organic (bisphenol-A) and inorganic (Cr (VI)) 
water contaminants from binary systems were investigated, and the mechanism explored [3]. The results of the 
Cr(VI) removal were particularly interesting because both adsorption and partial reduction of Cr (VI) occurred. 
This was attributed to the presence on Fe(II) in the natural form of the montmorillonite sample used. Overall, the 
work contributes to the understanding of the adsorption properties of IOCs as potentially efficient materials for the 
simultaneous removal inorganic and organic pollutants from contaminated waters.

[1] Rathnayake, S.I.; Xi, Y.; Frost, R.L.; Ayoko, G.A. (2015). Structural and thermal properties of inorganic-organic montmorillonite: Impli-
cations for their potential environmental applications. Journal of colloid and interface science, 459, 17-28.

[2] Rathnayake, S.I.; Xi, Y.; Frost, R.L.; Ayoko, G.A. (2016). Environmental applications of inorganic-organic clays for recalcitrant organic 
pollutants removal: Bisphenol A, Journal of colloid and interface science, 470, 183-195.

[3] Rathnayake, S.I., Martens W.N., Xi Y., Frost F.L., Ayoko G.A. (2017). Remediation of Cr(VI) by inorganic‒organic clay, manuscript 
submitted to Journal of Colloidal and Interface Science, Journal of colloid and interface science, 490, 163-173.
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ADSORPTION OF RAIOIODINE FROM WATER BY CLAY-LIKE LAYERED 
DOUBLE HYDROXIDES 

FrEdErick L. thEiss, ray L. Frost, godwin a. ayoko*
School of Chemistry, Physics and Mechanical Engineering, Science and Engineering Faculty, Queensland University of 
Technology, Brisbane, Australia

131I is used widely used in nuclear medicine and medical imaging but is also generated during uranium fission in 
the atomic energy industry [1,2]. It is clear that new technologies need to be developed to remove and store ra-
dioiodine. Layered double hydroxides (LDHs), are a class of layered clay-like minerals based on the brucite like 
(Mg(OH)2) structure, that carries a net positive charge. The positive charge of the cation layers are balanced by 
exchangeable anions intercalated into the interlayer regions [3-5]. Further detail on the structure and composition 
of LDH materials has been reported by many groups in numerous publications [6-8] while the nomenclature and 
composition of the hydrotalcite supergroup has been reviewed more recently by Mills et.al [9].

LDHs were prepared by a conventional co-precipitation method, thermally activated by calcination at around 500 
°C and used to treat synthetic wastewater solutions containing, iodide, iodate or iodide/iodate mixtures [10]. The 
adsorption kinetics of iodide (I-) and iodate (IO3

-) over 28 days was a rapid process, and could be described by the 
pseudo second order model. Thermal activation temperature was found to have a significant impact on the adsorp-
tion of iodine species. The adsorption of iodide (I-) by a sample of LDH thermally activated to only 350 °C was 
successfully fitted to the Langmuir isotherm; while a sample calcinedat 500 °C showed better fit to the Freundlich 
isotherm. In contrast the adsorption of iodate (IO3

-) could only be described by the Freundlich isotherm. It was 
proposed that the incomplete dehydroxylation and decarbonation of the LDH thermally activated to 350 °C meant 
that adsorption on the surfaces of the LDH has a greater impact on these samples, resulting in more Langmuir-like 
characters in the observed result. There appears to be significant difference between the adsorption mechanisms of 
iodide (I-) and iodate (IO3

-). 

Due to the nature of the adsorbant-adsorbate interactions in LDHs, the leaching of intercolated anions over time 
through an anion exchange process cannot be discounted. Surprisingly little iodide (I-) or iodate (IO3

-) appeared 
to be leached from the LDHs in most experiments. The maximum amount of iodate leached from any sample was 
approximately 21% of the iodate (IO3

-) originally present, and just under 3% of the iodide (I-) originally present, 
though the addition of 0.1 M carbonate solution did significantly increase the leaching. Compared with the rel-
atively short radioactive half-life of the 131I isotope, this suggests that LDHs may indeed be a practical and cost 
effective means of removing and temporarily storing radioiodine in a range of situations. 

[1] Fetter, G., et al. (1997). Sorption of 131I- by hydrotalcites. J. Radioanal. Nucl. Chem.. 221: p. 63-66.
[2] Guidelines for Drinking-water Quality. 4th ed. 2011, WHO Press, World Health Organization: Geneva, Switzerland.
[3] Rives, V. (2002). Characterisation of layered double hydroxides and their decomposition products Materials Chemistry and Physics. 75: 

p. 19-25.
[4] Frost, R.L., S.J. Palmer, and H.J. Spratt (2009). Thermal decomposition of hydrotalcites with variable cationic ratios. J. Therm. Anal. 

Calorim. 95(1): p. 123-129.
[5] Frost, R.L., J.M. Bouzaid, and W.N. Martens (2007). Thermal decomposition of the composite hydrotalcites of iowaite and woodallite. J. 

Therm. Anal. Calorim. 89(2): p. 511-519.
[6] Rives, V. (2001). ed. Layered Double Hydroxides: Present and Future. Nova Science Pub Inc New York.
[7] Duan, X. and D.G. Evans (2006). eds. Layered Double Hydroxides. Structure and Bonding, ed. D.M.P. Mingos. Springer. 234.
[8] Carillo, A.C. and D.A. Griego (2012). Hydroxides: Synthesis, Types and Applications. Chemical Engineering Methods and Technology 

Materials Science and Technologies. Nova Science Pub Incorporated.
[9] Mills, S.J., et al. (2012). Nomenclature of the hydrotalcite supergroup: natural layered double hydroxides. Mineralogical Magazine. 76(5): 

p. 1289-1336.
[10] Theiss, F.L., G.A. Ayoko, and R.L. Frost (2016). Iodide removal using LDH technology. Chemical Engineering Journal. 296: p. 300-309.
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INVESTIGATION OF THE ADSORPTION OF GMP AND DGMP 
NUCLEOTIDES ONTO NA-MONTMORILLONITE SURFACE BY 
MOLECULAR DYNAMICS SIMULATION 

pauline baCle*, sébastien le Crom, virGinie marry

PHENIX UMR 8234, Université Pierre et Marie Curie, Paris 75005, France

The concentration of prebiotic organic building blocks may have promoted the formation of biopolymers in the 
environment of the early Earth. Therefore, the adsorption of RNA and DNA monomers, called nucleotides, on min-
erals that were abundant in the early Earth environment has been largely investigated both theoretically [1,2] and 
experimentally [3,4]. In particular, adsorption studies on swelling and non-swelling clays have shown that DNA 
monomers adsorb much more strongly than RNA monomers [4]. Yet, the only difference between deoxyribonucle-
otides and ribonucleotides is the hydroxyl group on the 2’ carbon of the deoxynucleotide’s pentose which has been 
reduced to just a hydrogen atom. Moreover, experimental results showed that even if adsorption of nucleotides 
occurs primarly on the lateral surfaces of clay particles, adsorption on the basal surfaces might happen at low pH 
for swelling clays, which are negatively charged. 

In the present study, we focused on the adsorption of both guanosine monophosphate GMP and its deoxy- version, 
dGMP, on the basal surface of montmorillonite, a swelling clay. Molecular Dynamics simulations were performed 
on systems constituted of a clay sheet, water molecules and a nucleotide, using ClayFF force field for the clay 
and AMBER’s GAFF force field for the biomolecules [5]. For dGMP, two adsorption configurations were found 
whereas only one was observed for GMP. The relative stabilities of these two adsorbed configurations were then 
further studied by Metadynamics simulations, which allowed us to obtain free energy surfaces corresponding to 
both cases using as collective variables the distances between two atoms of the base and the clay surface. Finally, 
kinetics were investigated using a Markovian model. Our results were discussed in the light of experimental data 
obtained with similar systems [4].

[1] Mignon P., Ugliengo P., Sodupe M. (2009). Theoretical study of the adsorption of RNA/DNA bases on the external surfaces of Na+-Mont-
morillonite. J. Phys. Chem. C, 113, 13741-13749. 

[2] Swadling J., Coveney P., Greenwall H. (2010). Clay minerals mediate folding and regioselective interactions of RNA : A large-scale 
atomistic simulation study. J. Am. Chem. Soc, 132, 13750-13764. 

[3] Feuillie C., Daniel I., Michot L., Pedreira-Segade U. (2013). Adsorption of nucleotides onto Fe-Mg-Al rich swelling clays. Geochim. 
Cosmochim. Ac., 120, 97-108.

[4] Peidreira-Segade U., Feuillie C., Pelletier M. (2016). Adsorption of nucleotides onto ferromagnesian phyllosilicates: significance for the 
origin of life. Geochim. Cosmochim. Ac., 176, 81-95. 

[5] Aduri R., Psciuk B., Saro P., Taniga H. (2007). AMBER Force Field Parameters for the naturally occurring modified nucleosides in RNA, 
J. Chem. Theory Comput., 3, 1464-1475. 



Scientific Research Abstracts
Vol. 7, p. 57, 2017
ISSN 2464-9147 (Online)
XVI International Clay Conference | ICC 2017 | Granada, Spain
© Author(s) 2017. CC Attribution 3.0 License

INFLUENCE OF SOIL SUCTION ON THE VOLUME CHANGE 
BEHAVIOUR OF MONTMORILLONITE, ILLITE AND KAOLINITE CLAYS
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Most naturally occurring clayey soils are composed essentially of one or more of the clay minerals from the 
kaolinite, illite, and montmorillonite groups [1]. Unsaturated clayey soils possessing such clay minerals exhibit 
swelling or compression when inundated with fluids. Similarly, saturated clays composed of these clay minerals 
usually undergo a significant volume decrease during the drying process and due to an increase in the externally 
applied stress.

The volume change and shear strength behaviour of soils are controlled by the effective stress. The influence of 
positive pore water pressure on the effective stress has been widely adopted as the design basis in geotechnical en-
gineering practice associated with saturated soils. The influence of negative pore water pressure on the engineering 
properties of unsaturated soils has been explored [2,3]. Both two stress state variables and single stress variable 
approaches have been implemented in analyzing the engineering behavior of unsaturated soils [4,5,6,3,7,8]. In 
either of these approaches, determination of the soil-water characteristic curve (SWCC) has been shown to play a 
crucial role [2,8]. The suction stress approach [3,7,8] was used in this study to calculate the development of effec-
tive stresses during drying process. The suction stress forms a part of the effective stress in the case of unsaturated 
soils. The suction stress is manifest in the tensile strength of soil, which originates from the available interaction 
energy at the soil solid surface and can be conceptualized to exist in the forms of van der Waals attractive force, 
double-layer repulsive force, surface tension, and solid-liquid interface forces due to pore water pressure.

The effective stress in clays possessing a significant proportion of one of the clay minerals kaolinite, illite, or 
montmorillonite was determined based on the suction stress characteristic curves (SSCCs) of the clays. The SSCCs 
were determined based on the drying soil-water characteristic curves of the clays for a suction range of 0.03 to 
about 219.0 MPa. One-dimensional compressibility behaviour of initially saturated clays was also studied by load-
ing clay specimens up to a maximum vertical stress of 21.0 MPa [9];[10]. The effective stress-void ratio responses 
of the clays during the drying process were compared with their saturated counterparts. The shapes of SSCCs and 
the magnitudes of minimum and maximum suction stress were strongly dependent on the mineralogy and the 
properties of the clays. For the clays with kaolinite and illite as the dominant clay minerals, the suction stress de-
creased, remained nearly constant, and then increased with an increase in the applied suction, whereas it decreased 
monotonically with increasing suction for the montmorillonite clay. A decrease in the suction stress caused an 
increase in the effective stress, which in turn reduced the volume of the clays. For applied suctions smaller than 
the air-entry value of any clay, equal magnitudes of suction stress and effective stress produced a similar volume 
change of the clay. The study clearly showed that suction changes beyond the air-entry value are less effective in 
producing volume changes in unsaturated soils, primarily because of a decrease in the effective stress due to an 
increase in the suction stress.

[1] Grim, R.E. (1968). Clay Mineralogy, McGraw-Hill, New York.
[2] Fredlund, D.G., Rahardjo, H. (1993). Soil Mechanics for Unsaturated Soils. John Wiley & Sons, Inc., Mississauga, ON, Canada.
[3] Lu, N., Likos, W.J. (2004). Unsaturated Soil Mechanics. John Wiley. New York.
[4] Bishop, A.W. (1954). The use of pore water coefficients in practice. Géotechnique 4: 148-152, doi:10.1680/geot.1954.4.4.148.
[5] Fredlund, D.G., and N.R. Morgenstern (1977). Stress state variables for unsaturated soils. J. Geotech. Eng. Div. Am. Soc. Civ. Eng. 103: 

447-466.
[6] Khalili, N., Geiser, F., Blight, G.E. (2004). Effective stress in unsaturated soils: Review with new evidence, Int. J. Geomech. 4(2):115-

126. doi:10.1061/(ASCE)1532-3641(2004)4:2(115).
[7] Lu, N., Likos, W.J. (2006). Suction Stress Characteristic Curve for Unsaturated Soil. Journal of Geotechnical and Geoenvironmental 

Engineering ASCE 132(2): 131-142. doi10.1061/(ASCE)1090-0241(2006)132:2(131).
[8] Lu, N., Godt, J.W., Wu, D.T. (2010). A closed-form equation for effective stress in unsaturated soil. Water Resources Research 46. 

W05515. 2010. doi:10.1029/2009WR008646.
[9] Baille, W., Tripathy, S., Schanz, T. (2010). Swelling pressures and one-dimensional compressibility behaviour of bentonite at large pres-

sures. Applied Clay Science 48 (3): 324-333.
[10] Baille, W., Tripathy, S., Schanz, T. (2014). Effective stress in clays of various mineralogy. Vadose Zone Journal, 13(5), doi:10.2136/

vzj2013.06.0112.
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Potassium (K) is an essential nutrient for plant growth. Clay minerals in soils represent a reservoir of K, some of 
which is available to plants. However, the long-term effects of plant uptake of Kon soil clay mineralogyhave not 
yet been determined. Field experiments such as the Morrow Plots represent a unique opportunity to determine the 
effects of 110-years of continuous agriculture on the fate of K-containing clay minerals in the field.

Available samples correspond to plots under continuous corn (C) and corn-oats-hay (R) seeding rotations, with 
fertilised (F) and non-fertilised (N) subplots. Selected samples date from 1904, 1957, 1980, 1997 and 2012-2014, 
allowing investigation of historical cropping practices, the introduction of high-level L-NPK fertilisation in 1954, 
and short-term alterations resulting from the crop rotation. Size fractionation was carried out both by sedimenta-
tion and centrifugation to isolate<0.05, 0.05-0.2, 0.2-2, and 2-50 µm fractions, and X-ray diffraction (XRD) was 
performed on fractions in the Ca-saturated state. Full-pattern modelling of XRD data was carried out to determine 
the structure model and the quantitative contribution of each phase.

The proportion of <0.05 µm fraction was found to increase with time for all samples with a simultaneous decrease 
in 0.05-0.2 and 0.2-2 µm fractions for the period 1904-2014, whilst the overall proportion of <2 µm fraction re-
mained constant. Results of CHNS analysis show a slight decrease in the amount of organic matter for the same 
period, whilst cation exchange capacity was shown to increase dramatically between 1957 and 2014. Quantitative 
analysis of the 2-50 µm fraction demonstratesconstantmineralogy of this fractionover the period 1904-2014. 

For <0.05, 0.05-0.2, 0.2-2 µm clay fractions, asix-phase model containing discrete illite, chlorite, kaolinite, and 
randomly-interstratified illite-expandable (illite-exp), kaolinite-exp and chlorite-exp was established as a basis for 
fitting all fractions and samples. For the 2012-2014 rotation, there is little apparent difference between samples, 
indicating that short-term modification of soil clay minerals is not a significant factor, at least when sampling at 
the end of the cropping season. Strong differences exist in the proportion of phases between size fractions for each 
subplot and year, discrete illite prevalent in 0.2-2 µm fractions, whereas illite-exp and kaolinite-exp are dominant 
in the finestfractions.

Further changes in relative proportions of phases during the period from 1904-2014 can be observed, such as a 
decrease in discrete illite in the 0.2-2 µm fractions as compared to finer fractions. Finer fractions also contain fewer 
illitic layers in illite-exp, and this illite-exp has become progressively more illite-poor during the period sampled. 
When considering both illite and illite-exp, the dominant K-bearing clay phases, R-subplots have a higher propor-
tion of both phases than the respective C-subplots. Furthermore, when considering the total proportion of illitic 
layers - the sum of discrete illite plus the illitic layers in illite-exp - differences appear when comparing plots with 
the same crop rotation history. F-subplots appear to have fewer total illitic layers in comparison to N-subplots. This 
is thought to be an effect of higher yields and thus higher K- uptake and export in cropped material, which is suf-
ficient to impact clay mineralogy despite fertiliser input on F-subplots. Overall, the results from the Morrow Plots 
show degradation of illitein a different manner according to the size fraction and nature of the K-bearing phase.
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Zn-clay minerals worldwide are associated with a variety of base metal ores, as the supergene nonsulfide super-
gene deposits [1]. In these occurrences, sauconite (the Zn-bearing triocthaedral smectite) is either the prevailing 
economic mineral or minor component of the weathering-derived mineral assemblage. The best example of super-
gene nonsulfide zinc deposit, where sauconite predominates over the other Zn-oxidized minerals is the world-class 
Skorpion mineralization (Namibia). Skorpion ore is hosted in Neoproterozoic rocks and sauconite predominates 
over the other Zn-oxidized minerals [2]. Among other worldwide occurrences, the Yanque (Zn)-Pb nonsulfide 
supergene deposit is also sauconite-dominated [3]. This study deals with a detailed characterization of sauconite 
from Skorpion and Yanqueusing XRPD, WDS, FTIR and TEM-HRTEM, to determine composition, structural and 
textural features of Zn-clays in the two deposits. Taking into account that the mineralogical data on sauconite are 
limited [i.e. 4,5], this study provides property information to constrain the genesis of the ore deposits, as well as 
to plan a correct metallurgical processing. Chemical data of the studied sauconite samples indicate that octahedral 
sites are occupied by Zn cations with minor contents of Al, as well as Fe and Mg, while the interlayer contains 
predominantly Ca2+ cations. The IR spectra show a distinctive band at about 3644 cm-1, assigned to the Zn(OH)3 
stretching vibrations. For the Skorpion sample it was possible to separate a small fraction of pure smectite, whereas 
the Yanque sample contains small amounts of quartz, illite, kaolinite, chlorite, K-feldspar and goethite. The XRDP 
pattern of the Skorpion sample shows the (001) basal reflection at about 14.72 Å, characteristic of di-hydrated Ca2+ 
rich-smectite, and the diagnostic peak d060 at 1.533 Å, indicative of the trioctahedral nature of this smectite. The 
pattern exhibits broad and asymmetric diffraction maxima that are typical effects of disorder, stacking faults and/
or fine grained crystallite dimension. To overcome these issues a suite of crystallographic programs are employed 
for a thorough microstructural characterization of these mineral phases. The TEM-HRTEM study shows that the 
microtextures of the Zn-clays observed at size below 10 μm are of two types, i.e. compact clay packages and po-
rous clay aggregates. The first type is represented by straight and almost oriented packets, as an epitaxial growth 
onto mica crystals or rarely as void fillings. The packets can locally pass to slightly curved fibres coexisting with 
the straight packets. The second type consists of very fine-grained packets, with sizes lower than the compact clay 
packages types, ca. <400 nm. Electron diffraction patterns show that sauconite has a turbostratic arrangement. As 
reported in literature, it is difficult to obtain lattice-fringe images of very hydrated clays, as sauconite, due to the 
structural damage caused by the electron beam and the vacuum of the TEM environment and/or electron irradi-
ation, which cause dehydratation and collapse of smectite. For the investigated samples, the measured smectite 
spacing is from 10 Å, in the case of a complete collapse, to ≈14 Å in case of an incomplete collapse (for example 
d001 of 13 Å in the Skorpion sauconite). TEM-AEM study demonstrated that the Skorpion sauconites are mainly 
Ca-rich varieties, in comparison to the Peruvian samples, which contains also significant quantity of K. In Sko-
rpion, the dioctahedral smectite (beidellite) is very subordinate respect to its Zn-triocthaedral counterpart, and 
finely intergrown with sauconite (as in Peru samples, where beidellite is clearly more abundant). The occurrence 
of Zn-beidellite and other phyllosilicates (chlorite, baileychlore, etc.) at the micro- and nanoscale in the studied 
samples confirms the complex mineralogical nature of the Zn-nonsulfide smectite-rich (micro)systems, with re-
markable implications for mineralogical evaluation and processing.
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Meadow soils are seasonally or permanently saturated by water, resulting in enhanced mineral weathering, varia-
ble redox processes and diverse clay and iron mineralogy. Ferrous compounds are characteristic of predominantly 
reductive soil environments, whereas alternation of oxidizing and reducing conditions promote ferric minerals. 
Several studies suggested that iron (oxy)hydroxides control the distribution of trace elements and also the immo-
bilisation of potentially toxic metals [1,2]. Moreover, iron (oxy)hydroxide coatings increase metal sorption in soil 
clay minerals [3]. The sorbed elements are released to soil solution if iron minerals dissolve by reduction. Also, 
iron(II)- iron(III) hydroxides (green rust) of wet soils are supposed to reduce many agricultural pollutants. As a 
result, wetland soils provide a unique environment for trace element cycling and potentially toxic metal transport. 
Investigation of such varying mineralogical and geochemical features of wetland soils may provide better under-
standing of these processes.

We have studied meadow soil profiles from an 8 ha wetland developed on alluvial carbonate sediments between 
the rivers Danube and Tisza. Due to seasonally and spatially variable water table, the study area indicates diverse 
clay and iron mineralogy in a soil profile or in different pedons within short distances. Goethite and ferrihydrite 
are the characteristic iron oxyhydroxides of the periodically aerated horizon, whereas samples of reductive soil 
environments contain vivianite, siderite and non XRD detectable iron minerals, probably green rust. Based on 
detailed clay mineralogical studies, soil samples contain low and high-charge smectites. Swelling clay minerals 
are beidellitic and montmorillonitic according to Green-Kelly test. Beidellitic smectite formed likely due to the 
reduced iron-rich soil pore water.

Metal sorption capacity of the bulk soils was investigated by batch adsorption experimentation. Maximal Cu and 
Pb uptake were found as follows: soil with vivianite and high-P iron oxyhydroxides ˃ soil of iron accumulation 
horizon ˃ soil of gleyic horizon without XRD detectable iron oxides. Similar sorption capacity was observed for 
each metal on the studied samples. Chemical composition of the soil mineral phases was analyzed by TEM-EDS in 
order to understand their varying contribution to potentially toxic element immobilization processes. The highest 
Cu sorption was observed on iron oxide particles with high P content, whereas low-P iron oxyhydroxide and clay 
mineral particles from oxidized or reductive soil samples adsorbed a lower amount of Cu.

In summary, our laboratory adsorption experiments denoted that the iron mineralogical character of meadow soil 
samples strongly influences metal soprtion capacities. Phosphorus content of iron oxides play an important role in 
the observed differences.

Acknowledgements: this work is supported by the Hungarian Scientific Research Found (OTKA K100180, K100181 and K105009).

[1] Sipos P., Németh T., Kovács Kis V., Mohai I. (2009). Association of individual soil mineral constituents as studied by sorption experi-
ments and analytical electron microscopy analyses. Journal of Hazardous Materials, 1512-1520. 

[2] Németh T., Sipos P., Balázs R., Szalai Z., Mészáros E., Digléria M. (2010). Adsorption of copper on the accumulation and illuviation 
horizons of a Luvisol. Carpathian Journal of Earth and Environmental Sciences, 19-24.

[3] Németh T., Jiménez-Millán J., Sipos P., Abad I., Jiménez-Espinosa R. Szalai Z. (2011). Effect of pedogenic clay minerals on the sorption 
of a copper in a Luvisol B horizon. Geoderma, 509-516. 



Scientific Research Abstracts
Vol. 7, p. 61, 2017
ISSN 2464-9147 (Online)
XVI International Clay Conference | ICC 2017 | Granada, Spain
© Author(s) 2017. CC Attribution 3.0 License

RELATIONSHIP BETWEEN SURFACE PROPERTIES OF SMECTITES AND 
RHODAMINE 123 MOLECULAR AGGREGATION

tímea baranyaiová (1)*, juraj bujdák (1,2)
(1) Comenius University in Bratislava, Department of Physical and Theoretical Chemistry, Faculty of Natural Sciences, 842 
15 Bratislava, Slovakia, (2) Institute of Inorganic Chemistry, Slovak Academy of Sciences, 845 36 Bratislava, Slovakia 
*baranyaiova6@uniba.sk

Probing the surface properties of clay minerals based on dye molecular aggregation represents a perspective ana-
lytical method. The formation of dye molecular aggregates in colloids leads to the significant changes in dye spec-
tral properties. This phenomenon is known as metachromasy. Numerous studies have reported a close relationship 
between the layer charge of clay minerals and metachromatic behaviour of dyes [1]. Moreover, knowledge on 
dye metachromasy in clay mineral colloids may be useful for designing hybrid materials of proper photophysical 
properties.

In this work, the mechanism of rhodamine 123 (R123) molecular aggregation was investigated and applied for 
probing the surface properties of smectites. The kinetics of R123 molecular aggregation in the dispersions was 
measured for the series of Na+-smectites, including four trioctahedral smectites and six montmorillonites. The 
R123 loading was kept constant (0.1 mmol·g-1). The UV-Vis spectra were recorded in the combination with a 
thermostatic stopped-flow rapid mixing device. Spectral and concentration profiles of different dye species were 
identified using chemometric method - Multivariate Curve Resolution-Alternating Least Squares (MCR). Ad-
sorbed monomers, oblique J-aggregates/dimers, H-dimers and higher H-aggregates could be distinguished. The 
reaction mechanism models were tested by non-linear regression analysis of the concentration profiles of respec-
tive spectral species. 

Very fast dye adsorption followed with the formation of molecular aggregates occurred for all tested smectites. 
Significant differences in time spectral evolution apparently related to the smectites’ properties. The fraction of 
R123 cations taking part in molecular aggregation increased with increasing layer charge of smectites. The larg-
est amounts of initially formed molecular aggregates were observed in the colloids of smectites with high layer 
charge. Aggregation occurred also in the colloids of smectites with lower layer charge, but was much slower. The 
formation of higher H-aggregates was observed for the smectites with high layer charge, whereas H-dimers and 
oblique J-aggregates were identified as the main products in the colloids of smectites with low layer charge.

The mechanism of R123 molecular aggregation was described by two main parallel processes, both proceeding 
by first-order reaction kinetics, but different in their reaction rate. Additional processes may also have occurred in 
dependence on the smectite layer charge, and involved mainly the redistribution or structural changes of initially 
formed molecular aggregates. 

The methodology developed in this work represents a sensitive and effective analytical tool for the characterization 
of surface properties of smectites. Moreover, it can be potentially applied also for probing the surface properties 
of nanomaterials, biopolymers and other substances promoting dye metachromasy. Understanding details on dye/
clay mineral interaction can be useful in designing hybrid materials for specific applications. 
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Smectites have shown to effectively adsorb aflatoxins in the gastro intestinal tract when incorporated into an afla-
toxin contaminated feed. Yet, a complete animal recovery has not been observed. Smectites’ adsorption capacity 
for aflatoxin was significantly reduced by the presence of large protein molecules, such as pepsin in simulated 
gastric fluid. The proteins restricted the adsorption sites on the smectite available for aflatoxins. The objective of 
this study was to enhance the aflatoxin B1 adsorption of smectites by restricting the influence of proteins such as 
pepsin. Organic nutrients were selected to occupy part of the interlayer space of smectites to achieve a more de-
sired environment for aflatoxin adsorption but not for the large protein molecules. 

The interlayer of a Ca-montmorillonite was exchanged with five organic nutrients respectively: arginine, histidine, 
choline, lysine, and vitamin B1 (thiamine). To confirm the intercalation of the organic compound on the smectite, 
X-ray diffraction patterns of the organic-montmorillonite complexes were recorded. The samples were heated 
from 50 to 300 ºC at 25 ºC intervals and a XRD pattern recorded at each temperature. Aflatoxin adsorption iso-
therms in pepsin solution were performed for each organic-montmorillonite complex. X-ray diffraction patterns 
and FTIR spectra were recorded for the organic-montmorillonite plus aflatoxin samples.

The variable temperature XRD patterns of vitamin B1-montmorillonite and choline-montmorillonite showed a 
constant interlayer of 14 Å and 13 Å, respectively, up to 250 ºC. Arginine-montmorillonite and histidine-mont-
morillonite had an initial d-value of ~13 Å at room T, after heating to 150 ºC the interlayer was reduced to ~11.5 
Å, and collapsed to 11 Å at 250 ºC. At 300 ºC, vitamin B1-montmorillonite was the only sample that maintained 
the expanded interlayer at 12.7 Å. The FTIR spectra of the organic-montmorillonite complexes showed bands of 
the organic compounds and some band shifts due to the interaction of the organic compounds in the smectite. The 
FTIR spectra of the aflatoxin-pepsin-organic-montmorillonite complexes showed distinctive bands of aflatoxin, 
but there was also presence of a broad band at 1640 cm-1 attributed to pepsin. This band appeared to be narrower in 
the vitamin B1-montmorillonite complex, indicating that less pepsin was present in the interlayer. The XRD results 
also indicate that less pepsin was adsorbed in the vitamin B1 modified clay as the d-value only expanded to 14.5 Å 
in the presence of pepsin, compared to ~17 Å as in arginine and lysine clay complexes. The aflatoxin adsorption 
capacity of the unmodified montmorillonite in a pepsin solution was 0.2 mol/kg. Vitamin B1-montmorillonite 
complex showed a significant improvement in the affinity and increased the aflatoxin adsorption to 0.56 mol/kg. 
Choline-montmorillonite and histidine-montmorillonite also improved the affinity and showed a maximum AfB1 
adsorption of 0.41 mol/kg and 0.36 mol/kg, respectively. Arginine-montmorillonite and lysine-montmorillonite 
showed a slight increase in the adsorption capacity but the affinity was still low. 

The results indicated that intercalating polar organic nutrients into the interlayer space of montmorillonite im-
proved the AfB1 adsorption by restricting the adsorption of pepsin. Yet, pepsin was not completely blocked. Among 
the five tested nutrients, vitamin B1 was the most effective in blocking the adsorption of pepsin and increasing the 
adsorption capacity and affinity of aflatoxin in the simulated gastric solution. 
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Exfoliated nanocomposites of polymer/clay are considered as high performance materials. This is due to the high 
aspect ratio of the exfoliated clay that offers a large superficial area of interaction with the polymer. There are 
many challenges to obtain a high degree of exfoliation of the clay in the polymer matrix, different methods of 
preparation such as, in situ polymerization, melt intercalation and solution blending, have been used in academia 
and in the industry [1,2]. The in situ polymerization assisted by sonication is the most promising method to prepare 
exfoliated nanocomposites. The acoustic cavitation in the reaction medium help the dispersion of the nanoparticles 
and could promote sonochemical reactions, creating physicochemical interactions between the polymer chains and 
the organoclay [3].

In this work, polymethylmethacrylate (PMMA) and organic modified montmorilonites nanocomposites were syn-
thetized by in situ polymerization of MMA monomer, in chloroform, using a sonication probe. The parameters of 
the syntheses were reviewed from the literature and the boundary conditions for a systematic experimental study 
were defined using the design of experiments methodology. The following variables were studied: type of organic 
modifier (surfactant) of the clay and energy of sonication during the reaction. Different commercial organoclays 
(OMMT) containing the hydroxyl groups (Cloisite® 30B), aromatic (Cloisite® 10A) or aliphatic (Cloisite® 25A) 
were used in this work.

The PMMA nanocomposites, with 3% by weight of organoclay, were characterized by XRD, TGA, TEM, FTIR, 
UV-Vis, DSC, GPC, parallel plate rheometry and refractometry analysis. The changes in the rheological behavior 
associated with clay nanolayer dispersion could be assessed from curves of the complex viscosity at low frequency.

The statistical analysis of factorial design indicated (95% of confidence) that the only significant factor was the 
“Flory-Huggins interaction parameter” for the following PMMA/OMMT nanocomposites response variables:

-the power law index of the complex viscosity for PMMA/C25A nanocomposite indicated a better organoclay 
dispersion, among the others, and a trend to a percolating network structure;

- the UV-visible transmittance of PMMA/C25A was similar as the pristine PMMA; the refractive index of the 
PMMA/C25A showed a reduction of 10-3 (accuracy of 10-4) which could be a potential application for optical elec-
tronic devices, such as new materials for core/cladding of polymeric optical waveguides or fibers;

- an improvement of thermal stability of the nanocomposites was measured by TGA due to an increase of 35 to 50 
°C compared to the pristine PMMA. 

As the “sonication energy” was not significant, then the in situ polymerization could be performed at the lower 
energy level, considering the boundary conditions studied to improve organoclay dispersion.

The enhancements in the properties verified for the PMMA/C25A nanocomposites are attributed to the Flory-Hug-
gins interaction parameter (c) between “OMMT surfactant- chloroform solvent”. The long alkyl chain and bulky 
surfactant of C25A organoclay could contribute for the diffusion of the chloroform/MMA solution into the gal-
lery space of that clay due to the better affinity to the chloroform (c~1,2); taking account that the three grades of 
OMMT studied presented the same, ~1,9 nm, interlamelar distance.

[1] Cui L., Tarte N.H.; Woo S.I. (2008). Effects of Modified Clay on the Morphology and Properties of PMMA/Clay Nanocomposites Syn-
thesized by in Situ Polymerization, Macromol., v. 41 p. 4274.

[2] Tsai T.Y., Lin M.J., Chuang Y.C., Chou P.C. (2013). Effects of modified Clay on the morphology and thermal stability of PMMA/clay 
nanocomposites; Mat. Chem. and Physics, v.138, p. 237.

[3] Lee J.W., Ryu J.G., Kim H. (2002). Development of PMMA-Clay Nanocomposites by Using Power Ultrasonic Wave; Macromol. Res. 
v. 10, No. 4, p 193.
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The study is focused on the relationship between mineralogy and the spectral response produced by the sedimenta-
ry materials that are rich in clays located in the northwest area of the Duero Basin, in the province of León (Spain).

For that purpose, samples were taken on the top soil surface from the different sedimentary units. We separated 
the fraction smaller than 4 mm in order to study it by X-ray diffraction and characterize both its mineralogy in 
bulk-rock and its clay minerals content through oriented aggregates of the fraction smaller than 2 µm (in normal 
environment, solvating with ethylene glycol and heating at 550 ºC for two hours). 

We measured the spectral response (V-NIR) in the laboratory on different grain-sizes (bigger and smaller than 4 
mm and on the powdered sample). Differences in porosity and the presence of interlayer water or hydroxyl groups 
in the clays will affect the spectral response, generating quantifiable absorption features in certain wavelengths. 
The alteration processes suffered by the sediments, which produced textural and compositional changes, will also 
be reflected in the absorption features of the reflectance spectral curves both in the visible and the near infrared. 

The absorption features produced in the spectral curves at the wavelengths of 1.4 and 1.9 µm are mainly related to 
the vibrations of the hydroxyl groups and the water molecules. These absorption features are not detected or have 
a low intensity when we only have structural OH¯, producing absorption features at the wavelengths of 2.2 - 2.4 
µm, related to the combination of basic modes of tension (O-H) and flexion (Metallic ion-O-H) (Hunt & Salisbury, 
1970). The proportion of the different types of clays present in the samples obtained by X-ray diffraction has been 
compared to the data obtained by laboratory reflectance spectroscopy. Thus, the samples with a high chlorite/illite 
content produce low absorption features at 1.4 and 1.9 µm, related to the low molecular water content in these 
samples. However, they have two absorption features at 2.34 and 2.46 µm, typical of mica group (Clark et al., 
1990). The opposite happens in the samples with a high vermiculite/smectite content, which have intense absorp-
tion features at 1.4 µm and mainly at 1.9 µm. The electronic processes that produce absorptions in the visible are 
related to the charge transitions between electronic levels of different energy, as with the ferrous/ferric ion, present 
in surfaces of alteration of sedimentary materials (Hunt & Ashley, 1979). 

All the mineralogical differences seen in the studied sediments will allow us to subsequently map, with the aid of 
satellite images, the geological units with different geochemistry and mineralogy. 

Acknowledgements: work funded by the Universidad de León project UXXI2016/00126.
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Layered double hydroxide compounds (LDHs) are a class of layered materials with positively charged layers and 
charge-balancing exchangeable anions located in the interlayer region. The general formula is [M(II)1-xM(III)
x(OH)2]x+(An-)x/n yH2O, where M(II) is a divalent metal like: Mg2+ or Zn2+, M(III) is a trivalent metal like: Al3+, A 
is an organic or inorganic anion of charge n- and y is the number of moles of water per formula. The counter-bal-
ancing anions are located in the interlamellar region together with the water molecules. 

Synthetic layered double hydroxides have attracted particular attention because of their biocompatibility and lack 
of toxicity. Moreover their chemical composition can be finely tuned. Recently many works have been published 
on the use of LDHs as a carrier of active molecules, proving their effectiveness. 

LDHs has been used as carrier [1] of drugs, aminoacids and antibiotics, DNA, showing good results in terms of 
controlled release, drug loading and protection of labile biomolecules.

Prolabin & Tefarm has developed an innovative and green method of synthesis that allows the production of 
easily exchangeable LDHs. The properties of this innovative LDH were determined by x-ray powder diffraction 
(XRPD), inductively coupled plasma atomic emission spectroscopy (ICP-OES) and field emission scanning elec-
tron microscopy (FE-SEM).

The LDH was used as a support for an anti-inflammatory drug that was intercalated by anionic exchange. The 
LDH-drug hybrid obtained was characterized by XRPD, thermogravimetrical analysis, HPLC.

The hybrid was formulated in a gel provided for topical use. The gel possesses very good organoleptic properties, 
due to the multifunctional effect of LDHs, which also acts as a rheological modifier.

In vitro release studies on the gel were carried out using a vertical Franz Diffusion Cell, PermeGear, Inc., Bethle-
hem, P.A., 20 mm diameter, equilibrated at 32 °C (skin temperature) by an external circle bath. The amount of drug 
released was determined by HPLC. Tests were carried out in triplicate and the results were reported as an average 
and normalized on the basis of the total drug content.

The hybrid-containing formulation has been compared to a commercial reference, showing a higher and prolonged 
release. The release mechanism is strictly linked to the nature of LDHs and is based on the ion exchange mecha-
nism; it allows a prolonged release with an increase of the local bioavailability of the drug.

The preliminary results obtained show that LDHs are able to improve drug release in formulations for topical 
applications. This technology enables a modified and prolonged release of active ingredients. LDHs also exert 
interesting effects on the topical formulations (i.e. rheological and texturizing properties).

Acknowledgements: the authors would like to thank dompè farmaceutici spa for support and assistance in this project.
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XRD microstructural analysis of mullite by the Warren - Averbach method [1] was performed in a set of industrial 
triaxial porcelain compositions [2] with two different modalities of each triaxial constituent (quartz of d50= 3 mm 
or d50= 10 mm, feldspar lithium bearing or without lithium and kaolinite of high or low “crystallinity”), at 4 max-
imal temperatures of firing in the range 1270 - 1340 ºC and two types of firing cycles (fast or slow).

The analysed direction of diffraction was [110], corresponding to slower crystal growth velocity, and greater de-
velopment of the corresponding faces (form {110}) [3] using the 110 and 220 diffraction peaks. Experimental and 
instrumental peaks were fitted to pseudo-Voigt functions [4] using the Profile program (Bruker AXS-Socabim) and 
the Warren-Averbach method calculation was made with WinCrysize V.3.0 program (Bruker AXS-Sigma ).

The graphical representations of average crystallite size versus firing temperature grouped by formulation varia-
bles and firing cycles showed increasing sizes with temperature. For the different type of firing and type of triaxial 
constituent at each temperature, in the range 1300 - 1340 ºC, greater sizes were found for slow firing, for low 
“crystallinity” kaolinite, for smaller particle size of quartz as well as for Li-bearing flux (some exceptions were 
found at 1270 ºC ). However, the observed differences (considering the instrumental error obtained as 7%) were 
not significant in fast firing, except for the influence of the type of flux.

Formulations with Li bearing flux showed more frequently bimodal frequency distribution and greater increases 
of maximum frequency crystallite size with temperature in slow firings than in fast firings, whereas the found 
increases were greater (but with small difference) in fast firings than in slow firings for compositions with no Li 
bearing flux.

The positive influence of lower “crystallinity” of kaolinite, lower quartz particle size and use of Lí bearing flux to 
produce greater crystallite growth with increasing temperature can be deduced for the relatively slow firngs.

[1] Warren, B.E. & Averbach, B.L. (1950). “The effect of cold work distortion on X-ray patterns”. J. Appl. Phys., 21, 595-599. 
[2] Norton F.H (1970), Fine Ceramics, Technology and Applications. Ed. McGraw-Hill, New York.
[3] Serrano, F.J., Bastida, J., Amigó, J.M. & Sanz, A. (1996). “XRD line broadening studies on mullite”. Crystal Res. Technol., 31 [8], 1085-

1093.
[4] Wertheim, G.K., Butler, M.A., West, K.W. y Buchanan, D.N.E. (1974). “Determination of the Gaussian and Lorentzian content of exper-

imental line shapes”. Rev. Sci. Instrum., 45, 1369-1371.
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ASSESSMENT OF CLAYEY PELOIDS FORMULATIONS FOR CLINICAL 
USE IN EQUINE REHABILITATION

carLa marina Bastos*, FErnando rocha, angELa cErquEira, cristiana costa, dEnisE tErroso 
GeoBioTec, Department of Geosciences, University of Aveiro, Portugal 

Injuries to the musculoskeletal system of horses are very common, especially in sport horses. Veterinary clinical 
practice is supported by an uncertainty about the total recovery of the animal mainly because it is necessary a long 
time recovery and the animal must be withdrawn from the sporting activity and undergo a complex and long treat-
ment programs. This lack of sporting activities may in some cases exceed one year. 

Veterinarians are using less complex and traumatic methods for the injured animal, developing new therapeutic 
protocols, using clays in combination with hydrotherapy, cryotherapy and specific exercises. 

The use of hot clay cataplasms in the injured areas, involved in impermeable bands on the external side, acts as a 
thermal adjuvant and prolongs the action effect of clays. The clays are prepared with water and sometimes with 
other substances, like acetic acid. These empirical methods have demonstrated fast and effective results in the 
decrease of the inflammatory response and the formation of edemas. A few studies were performed on commercial 
clays used by the veterinarians in horse musculoskeletal injuries treatments. 

Several analyses were carried out: grain size distribution (wet sewing and sedigraph), mineralogical composition 
(X-ray diffraction), geochemical (major and minor elements) analyses (X-ray fluorescence), abrasivity, plastici-
ty, cation exchange capacity and exchangeable cations, specific surface area, expandability, oil absorption and 
cooling rate.

These important properties, in particular cation exchange capacity and cooling kinetics and the physical, chemical 
and mineralogical characterization may contribute for the establishment of healing criteria for veterinarian clays.

Acknowledgments: the financial support of the research contract “UID/GEO/04035/2013” funded by the Portuguese Foundation for Science 
and Technology is gratefully acknowledged.
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AMMONIUM-RICH ILLITES IN VERY LOW GRADE METAPELITES: 
MICROTEXTURE AND COMPOSITION

BLanca BauLuz (1), FErnando niEto (2)
(1) IUCA-FACULTAD DE CIENCIAS, Universidad de Zaragoza, Zaragoza (Spain), (2) Departamento de Mineralogía y 
Petrología and I.A.C.T., Universidad de Granada-CSIC, Granada (Spain)

The illite interlayer contains K as a fixed cation by definition, but illites from different environments also have 
ammonium reported in the interlayers. The content of ammonium can vary between several hundred parts per 
million to 100% for pure ammonium illite, the end-member called tobelite. The ammonium often comes from 
decomposition of organic matter in diagenetic environments or from coal in anchimetamorphic environments ([1] 
and references therein).

In this study we described the occurrence of ammonium-rich illites in Silurian black metapelites of the Iberian 
Range (NE Spain). Some of these outcrops had been previously described [2]. The aim of this study is to charac-
terize the microtexture and composition of these NH4-rich illites using X-ray diffraction, infrared spectroscopy and 
transmission electron microscopy (TEM). Samples were treated with L.R. White resin [3] in order to prevent the 
collapse of smectite-like interlayers in the vacuums of the ion milled and TEM, as well as to facilitate the differ-
entiation of illite and smectite interlayers in TEM images. Typical areas were removed for TEM observation via 
attached Cu washers, thinned in an ion mill, and carbon coated.

In these metapelites NH4-rich illites are associated to other phyllosilicates such as K-illite, mixed layer I/S (R1), 
pyrophyllite and kaolinite. X-ray powder diffraction shows an expanded d (001) spacing for ammonium-rich illites 
in comparison to K illites. The basal spacing varies from 10.052 to 10.088 Å for ammonium illites, in contrast with 
the typical value for K illites (~9.99 Å). These d (001) indicate contents in ammonium around 15 to 30% in the in-
terlayer position. Infrared spectra of the samples exhibit pronounced absorption at 1430cm-1, the resonant-banding 
frequency for NH4

+ coordinated in the illite interlayers.

TEM images show parallel to subparallel packets of NH4
+ and K- illites; they are 15-30 nm thick with relatively 

well-defined boundaries. Selected area diffraction patterns show that disordered polytypes occurs in both types of 
illites. High-resolution TEM images show that they are formed of nearly straight lattice fringes with constant 10-Å 
spacings for K illites and 10.2-10.8 A Å for ammonium rich illites. In occasion fine intergrowths of smectite layers 
(12 Å) and R1 I/S (21 Å) phases with the illites have been observed.

Chemical compositions, determined in the TEM, show that all the illites are dioctahedral and the interlayer posi-
tions are mainly occupied by K and minor Na contents. The interlayer compositions, calculated on the basis on 11 
oxygens, vary considerably in these phases, with values ranging from 0.25-0.70 a.p.f.u, corresponding the highest 
values to K illites and the rest to ammonium rich illites. This continuous trend suggests large variation in K and 
NH4 contents in the illite interlayer that probably produce the variation in d(001) spacing measured in the TEM 
images. 

This research was funded by the Spanish Ministerio de Educación y Ciencia (CGL2013-46169-C2-1-P)

[1] Sucha, V., Kraus, I., and Madejova, J. (1994). Ammonium illite from anchimetamorphic shales associated with anthracite in the Zemplin-
icum of the Western Carpathians. Clay Minerals, 29, 369-377.

[2] Bauluz B. & Subias, I. (2010). Coexistence of pyrophyllite, I/S R1, and NH4
+-rich illite in Silurian black shales (Sierra de Albarracín, NE 

Spain): Metamorphic vs. hydrothermal origin. Clay Minerals, 45, 383-392,45, 383-392. 
[3] Kim, J.W., Peacor, D.R., Tessier, D., Elsass, F. (1995). A technique formaintaining texture and permanent expansion of smectite interlay-

ers for TEM observations. Clays ClayMiner.43, 51-57.
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SYNTHESIS OF IMPREGNATED BENTONITE BY USING 
ULTRASOUNDFOR THE PURPOSE OF ITS APPLICATION IN THE 
FENTON PROCESS

milena bečelić-tomin, ĐurĐa kerkez, aleksandra kulić, draGana tomašević pilipović*, božo 
dalmaCija, vesna pešić

University of Novi Sad, Faculty of Science, Department of chemistry, biochemistry and environmental protection, 21000 
Novi Sad, Serbia 
milena.becelic-tomin@dh.uns.ac.rs

Modified clays are often used as catalysts for application in heterogeneous Fenton process for removing of dyes 
from coloured effluents. The impregnation with iron salts is one of the simplest techniques for preparation of clay 
for this application. However, this method, as well asmany other methods usedin the preparationof the catalyst, re-
quiresa certain period of catalyst ageing, which is adrawbackforits industrial scale application [1]. Using ultrasound 
is one of the ways for improving the method for preparation and properties of solid catalysts. The results fromsome 
studies [1], [2], [3] show that the use of ultrasonic techniques save time and water in the synthesis of solid catalyst 
while preserving the physical and chemical properties of materials and also improve thecatalytic activity.
Investigation of the effect of preparation methods of Fe-loadedbentonite on its stability and efficiency in a heter-
ogeneous Fenton process was carried out in aqueous solution of synthetic Reactive Blue 4 (RB4) dye. We useda 
Na-bentonitethat was supplied by the “Bentoproduct” company, Šipovo (Bosnia and Herzegovina). Two catalyst 
synthesis methods were used in the study. In both cases, clay suspension was prepared under vigorousstirring of 1 
g of clay in 50 ml of distilled water for 30 min. For the preparation of the impregnation solution, sodium carbonate 
powder was added to a 0.2 M solution of Fe(NO3)3.9H2O in order to achieve a molar ratio [Na+]/[Fe3+]=1. We 
prepared seven different ratios of Fe3+/clay i.e. 0.6; 1.25; 3; 5; 7; 9 and 11 mmol Fe3+/g. For catalyst preparation 
three methods were used. Firstly, the conventional method of impregnation (sample BFe CMI) that involves mixing 
of Fe-polycation with the hydrated clay suspension for a period of 4h.the other two methods used an ultrasound 
(Ultrasonic Homogenizer Sonopuls HD 2200, Bandelin) preparation of Fe-polycation (5 min) and its mixing with 
the clay suspension for 5 min (sample BFe UMI5) and 10 min (sample BFe UMI10). Samples prepared using the 
traditional and ultrasound methods were dried at 100 °C for 24 h, then washed with distilled water several times 
and centrifuged, again dried for 24 h at 100 °C and calcinated at 350 °C (2 h). The calcined materials were applied 
as catalysts in the Fenton process. The effectiveness of decolourization of syntheticRB4 dye solution was moni-
tored by measuring the absorbance at a wavelength 594.78 nm using UV/VIS spectrophotometer (PG Instruments 
Ltd T80+ UV/VIS, model: Shimadzu UV-1800, Japan). The content of leached iron was examined with an atomic 
absorption spectrophotometer (Perkin Elmer Analyst 700). Experimental conditions of the Fenton process were: 
[RB4] =50 mg/l, [H2O2] = 20 mM, pH 3, reaction time 3h.
All three catalysts with a ratio of ≥3 mmol Fe3+/g showed high decolourzation efficiency (91-97%). Iron content in 
the leachateat the end of the reaction was not dependent on the concentration of Fe3+ in the clay suspension. Iron 
concentration in the solutions after Fenton process varieddepending on the applied catalyst, with 0.43, 0.47 and 0.16 
mg/L Fe for BFe CMI, BFe UMI5 and BFe UMI10, respectively. The difference in Fe concentration for the catalysts 
can be explained by better incorporation of iron ions in the interlayers of Na-bentonite by using ultrasound in the 
synthesis of the catalyst [4], and a longer period of exposure time (10 min). Our results confirm the earlier findings 
in terms of shortening the ageing time and therefore the entire preparation procedure while retaining the necessary 
catalytic activity. The synthesis of a stable catalyst requires optimization of exposure time to ultrasonic waves.

Acknowledgement: the research was funded by the Ministry of Education, Science and Technological Development (Project III43005 and 
TR37004). We kindly thank “Bentoproduct” company.

[1] Olaya A., Moreno, S., Molina, R. (2009). Synthesis of pillared clays with Al13-Fe and Al13-Fe-Ce polymers in solid state assisted by 
microwave and ultrasound: Characterization and catalytic activity. Applied Catalysis A - Gen. 370, 7-15.

[2] Sanabria N.R, Molina R., Moreno, S. (2012). Development of Pillared Clays for Wet Hydrogen Peroxide Oxidation of Phenol and Its 
Application in the Posttreatment of Coffee Wastewater. International Journal of Photoenergy2012, Article ID 864104, 17 pages.

[3] P´erez A., Centeno M.A., Odriozola J.A., Molina R., Moreno S. (2008). The effect of ultrasound in the synthesis of clays used as catalysts 
in oxidation reactions. Catalysis Today, 133-135, 526-529.

[4] Darvishi Z., Morsali A. (2011). Synthesis and characterization of Nano-bentonite by sonochemical method. Ultrasonics Sonochemistry, 
18, 238-242.
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ENCAPSULATION OF THIOXANTHONE, A FLUORESCENT DYE IN AN 
ORGANIC-INORGANIC HYBRIDS HAVING A TALC-LIKE STRUCTURE: 
INFLUENCE ON ITS PHOTOPHYSICAL PROPERTIES

adrian beda (1,2), joCelyne brendle (2)*, CHristian ley (1)
(1) Laboratoire de Photochimie et d’Ingénierie Macromoléculaires, EA 4567, ENSCMu, Université de Haute Alsace, 
Mulhouse,68093, France, (2) Institut de Science des Matériaux de Mulhouse, UMR CNRS 7361, ENSCmu, Université de 
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Organic-inorganic hybrids having a talc like structure (TLH) can be prepared by a process based on sol-gel chem-
istry which enables the formation of the materials under mild conditions in a one-step method. In this case, the 
organic groups are linked directly to the inorganic framework by covalent bonds. 

In this study we focused first on the synthesis of (TLH) in the presence of thioxanthone (TX) (Fig. 1), a chromo-
phore which has often been used as triplet sensitizers and photoinitiators of polymerization and has interesting 
photophysical properties [1,2] and then on the influence of the confinement on its photophysical properties.

Fig. 1. Structure of Thioxanthone

A series of TLH having the following chemical formula: (TX)-Mg3(RSi)4O8(OH)2 (where R stands for the organic 
part) was prepared starting from organotrialcoxysilanes having different functionalities (mercaptopropyl, phenyl, 
and mixture of both), an ethanolic solution of a magnesium salt and TX. The key parameters governing the syn-
thesis were finely tuned for each system. It was shown that room temperature (20 °C) and short aging times lead 
to the formation of lamellar structures as confirmed by X-Ray diffraction. The chemical formula of the obtained 
materials were determined by X-Ray fluorescence spectrometry and thermogravimetric analysis. The stability of 
the Si-C bond was checked by IRTF. 13C and 29Si NMR shed respectively light into the structural investigations of 
the attachment of pendant organic chains to the inorganic framework as well as on the integrity of TX and the de-
gree of polycondensation of silicon species. Femtosecond pump-probe and steady state UV-Visible measurements 
were carried out to check the photophysical properties. This set of experiments showed that this the combination 
of TX and TLH leads to very interesting hybrid materials showing original properties.

[1] Dalton J.C., Montgomery F.C. (1974). Solvent effects on thioxanthone fluorescence. J.Am. Chem. Soc., 96, 6230-6232. 
[2] Burget D., Jacques P. (1992). Dramatic Solvent Effect on Thioxanthone Fluorescence lifetime. J. Lumin., 54, 177-181. 



Scientific Research Abstracts
Vol. 7, p. 71, 2017
ISSN 2464-9147 (Online)
XVI International Clay Conference | ICC 2017 | Granada, Spain
© Author(s) 2017. CC Attribution 3.0 License

FTIR SPECTROSCOPY AND HEAT EVOLUTION STUDIES OF LOW 
GRADE KAOLIN CLAY POZZOLAN IN GHANA
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The use of low grade clays as a supplementary material is known to be suitable as the high grade kaolin [1,2]. In 
view of this, researchers have channelled a significant amount of attention on low grade kaolin and their suitability 
as pozzolans. In this work a Ghanaian low grade clay was used and calcined at a temperature of 800C [2]. The raw 
and calcined clay were evaluated based on the functional groups using FTIR spectroscopy [3]. The hydration of 
Portland cement incorporated with the calcined material at optimum level was evaluated using FTIR spectroscopy 
and Isothermal calorimetry. Calcined low grade clay indicated a change of their structure from crystalline to amor-
phous from the FTIR spectroscopy results. The calorimetric results indicated that the accumulated heat evolved 
in the Portland cement was higher than the pozzolan mixture. The heat evolution curve for the two binders were 
similar with the exception of the acceleration period where the Portland cement indicated a higher acceleration 
period than the pozzolan binder. The study recommends the use of pozzolanic binders for low heat construction 
works than Portland cement.

[1] Alujas, A., Fernández, R., Quintana, R., Scrivener, K.L., Martirena, F. (2015). Pozzolanic reactivity of low grade kaolinitic clays: Influ-
ence of calcination temperature and impact of calcination products on OPC hydration, Applied Clay Science 108. 94-101.

[2] Bediako, M., Gawu, S.K.Y., Adjaottor, A.A, Ankrah, J.S. (2016). Early and Late Strength Characterization of Portland Cement Containing 
Calcined Low-Grade Kaolin Clay. Journal of Engineering, 2016 (7210891). 5pp.

[3] Tironia, A., Trezza, M.A., Irassar, E.F., Scian, A.N. (2012). Thermal Treatment of Kaolin: 333 Effect on the Pozzolanic Activity. Procedia 
Mater. Sci. (1). pp 343-350.



Scientific Research Abstracts
Vol. 7, p. 72, 2017
ISSN 2464-9147 (Online)
XVI International Clay Conference | ICC 2017 | Granada, Spain
© Author(s) 2017. CC Attribution 3.0 License

RHEOLOGICAL AND THERMAL PROPERTIES OF CARBOXYMETHYL 
CELLULOSE AND BENTONITE-CARBOXYMETHYL CELLULOSE 
DISPERSIONS 
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The aim of this work was to investigate the rheology and the thermal behavior of carboxylmethyl cellulose (CMC) 
aqueous solutions and bentonite-CMC mixtures. The rheological properties of aqueous CMC solutions and ben-
tonite-CMC dispersions were investigated at different temperatures (20, 40, 60 and 80 °C) and different mass 
concentrations of CMC (0.1, 0.5, 1.0 and 2.0 wt%). 

It was found that all the studied fluids exhibit a non-Newtonian shear thinning behavior. The flow behavior of 
CMC solutions was described using the Cross model which allowed the determination of the critical concentra-
tion c* that can be regarded as the concentration at which microstructural evolution occurs, i.e. transition from a 
semi diluted non-entangled solution to a semi diluted entangled network [1]. A viscosimetric analysis of the vis-
cosity-temperature flow curves showed a decrease of viscosity up to a critical value, i.e. the well-known gelation 
temperature (or cloud point), ranging between 60 °C and 80 °C for CMC solutions and between 40 °C and 60 °C 
for bentonite-CMC dispersions. Afterwards, a sudden dramatic jump above the so-mentioned critical temperature 
was observed. The cloud point is generally viewed as the temperature at which macroscopic phase separation in the 
polymer solution occurs, as a result of complex interactions between the polymer chains. In practice, using high 
shear rates, i.e. in the non-Newtonian behavior region, prevents gelation or at least, yield a translation to higher 
temperatures [2,3].

[1] Abdelhakim Benslimane, Iles Mohamed Bahlouli, Karim Bekkour (2016). Thermal gelation properties of carboxymethyl cellulose 
and bentonite-carboxymethyl cellulose deispersions: Rheological considerations. Appl. Clay Sci. 132-133, 702-710. doi: http://dx.doi.
org/10.1016/j.clay.2016.08.026.

[2] Kaouther Ben Azouz, Karim Bekkour, Dominique Dupuis (2016). Influence of the temperature on the rheological properties of bentonite 
suspensions in aqueous polymer solutions. Appl. Clay Sci. 123, 92—98. doi:10.1016/j.clay.2016.01.016.

[3] Karim Bekkour, Dongxiao Sun-Waterhouse, Sandhya Wadhwa (2014). Rheological properties and cloud point of aqueous carboxym-
ethyl cellulose dispersions as modified by high or low methoxyl pectin, Food Research International, 66, 247-256. doi:10.1016/j.food-
res.2014.09.016.
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SYNTHESIS AND CHARACTERIZATION OF AN ALGERIAN 
MONTMORIOLLINITE CLAY AND ITS APPLICATION IN THE 
ENVIRONMENT
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The objective of this study is to determine the power adsorbing of a material aluminosilicate of origin Algerian 
(Montmorillonite), to eliminate a cationic colouring agent which is the methylene blue in aqueous environment. 
Materials were characterized by various techniques; BET, MEB, DRX, XRF and FTIR. The experiments were car-
ried out in the bath mode. The influence of some parameters on the adsorption of the colouring agent on our solid 
supports, specifically, the contact time of adsorbing adsorbate, the pH of the solution and the initial concentration 
of the BM, was determined. The kinetic study showed that the process of adsorption of the BM on the montmoril-
lonite is carried out in a fast step. The exploitation of adsorption isotherms using various classic models showed 
that the adsorption can be governed by the isotherms of Langmuir and Freundlich. The thermodynamic parame-
ters were determined from the values of the maximal capacities of adsorption and the equilibrium constants. The 
phyllitic material (Clay of Maghnia) used in this work is proven effective in the elimination of cationic colouring 
agents and could be a very interesting alternative material.

Keywords: Adsorption; Isotherms; Methylene blue; Kinetics; Montmoriollinite.
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MODIFICATIONS OF AN ALGERIAN PALYGORSKITE FOR THE 
IMPROVED REMOVAL OF PESTICIDES FROM POLLUTED WATERS
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M’Naouer, Oran, Algeria, (2) Dep. of Pharmacy, Fac. of Medicine, University of Oran 1, BP 1510 Oran El M’Naouer, Oran, 
Algeria, (3) Instituto Andaluz de Ciencias de la Tierra (CSIC-UGR), Avda. de las Palmeras 4, 18100 Armilla, Granada, Spain

Palygorskite is amagnesium aluminum non-planar hydrous 2:1 phyllosilicate with modulated structure. The min-
eral exhibits a fibrous morphology, has largeinternal surface area and contains exchangeable cations and reactive 
Si-OH groups on its surfacethat may interact with many different compounds. 
A Tertiary sedimentary palygorskite-rich sample, located near the town of El Ghoufi (East Algeria) [1] was used in 
this study. The samplewas ground, sieved through 90 µm and purified to remove carbonates (mainly dolomite and 
minor calcite). The purified sample (Raw Pal) was further modified either with magnetic iron oxides or subjected 
to hydrothermal treatments to increase its adsorption capacity. The obtained products were studied for adsorption 
of two pesticides, a fungicide, fenarimol and aherbicide, linuron. Both pesticides are frequently detected in envi-
ronmental waters [2]. The modifications consisted in a) mixing two iron precursors in an alkaline medium with 
purified palygorskite, which gives black nanoparticles (FeO Pal1); b) dark black nanoparticles (FeO Pal2) obtained 
by the same protocol plus a hydrothermal treatment; and c) red nanoparticles (Fe2O3 Pal) [3], synthesized as FeO 
Pal1, and then oxidized by adding nitric acid at 50 °C. All three develop a strong magnetic character in contact with 
a magnet. The palygorskites were characterized using infrared spectroscopy, X-ray diffraction and fluorescence, 
and electron microscopy. The adsorption and kinetic behavior of the palygorskites was evaluated by the batch 
method, fitting the experimental results to different mathematical equations.

The TEM photographs of the four samples are de-
picted in Figure 1. Fig. 1(a) corresponds toRaw 
Pal needleswith a length of 2000- 5000 nm and 
10-50 nm in diameter [1]. Figs. 1(b) and (c) show 
Fe2O3 Pal and FeO Pal1, respectively, in which the 
iron oxide particle size varies between 7 and 21 
nm;the samples present a heterogeneous distribu-
tion of spherical particles without obvious aggre-
gation and dispersed onto the palygorskite nee-
dles’ surface, being the distribution for Fe2O3 Pal 
denser than for FeO Pal1. Fig. 1(d), corresponding 
to FeO Pal2, clearly shows an oxidenanoparticle 
surface pattern differentfrom Fe2O3 Pal and FeO 
Pal1, with a hexagonal shape and a molecule size 
1000 times bigger.

Fig.1. The TEM images of the Algerian palygorskite/iron oxide samples. In 
each case the bar corresponds to 2000 Å.

The retention of the pesticides increased by a factor of 4for fenarimol by Fe2O3 Pal and up to 20 times for linuron 
by FeO Pal2. The results show that chemically modified palygorskites have a good potential for the remediation 
ofpesticide-polluted waters.

Acknowledgement: thanks to the FP7 Marie-Curie Action IRSES-MEDYNA under GA PIRSES-GA-2013-6125.
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GEOLOGICAL POSITION AND CHARACTERISTICS OF RUSSIAN 
BENTONITE CLAY DEPOSITS 
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The ability of bentonite clay to swell, its binding capacity, high thermal stability and sorption properties make 
bentonite an indispensable raw material for industry. In Russia, the main bentonite consuming sectors of industry 
are metallurgy, foundry and drilling. Estimated reserves of bentonite clays in Russia are about 240 million tons 
(A+B+C1-grade) [1]. The biggest mined deposits are Biklyanskoe with explored reserves of 13.5 mln.t. (Republic 
of Tatarstan), Ziryanskoe with explored reserves of 10 mln.t. (Kurgan region) and “10th Khutor” with explored 
reserves of 6 mln.t. (Republic of Khakassia).
Russian classification of bentonites based on their origin has some special aspects. Deposits of bentonite clay are 
divided into following groups: volcanic-sedimentary (devitrification of volcanic ash in slightly alkaline waters); 
hydrothermal (hydrothermal transformation of volcanic and sedimentary rocks); sedimentary (redeposited clay) 
and eluvial (weathering crust). However, the main bentonite types presented in Russia are sedimentary and vol-
canic-sedimentary ones.
In structural terms, major Russian deposits of bentonite clay are located in the East-European Platform, Urals, 
West Siberian Plate, the Altai-Sayan and the Far East folded zones. In stratigraphic terms, almost all Russian 
deposits are associated with Lower Carboniferous and Neogene-Paleogene system. Sedimentary type is associat-
ed with the edge parts of cratons and shield in the era of tectonic movement stabilization. Volcanic-sedimentary 
deposits of bentonite clay are associated with foldbelts (continental margin orogenes, with zones of deep fault and 
active volcanism). 
Sedimentary Deposits are usually characterized by a simple geological structure, large reserves and poor quality 
of bentonite. Montmorillonite content ranges from 40 to 70%.
The largest Russian deposits of bentonite clay belong to this type and are located in the Republic of Tatarstan 
(Biklyanskoe, Verhne-Nurlatsky, Tarn-Varskoe and Berezovskoe) with total reserves of 45 mln.t., Kurgan region 
(Ziryanskoe deposit: alkaline-earth type, CEC - 66 mg-eq/100 g) with reserves of 10 mln.t., Omsk region (Lubin-
skoe virgin field) with reserves of about 20 mln.t. and Orenburg region (more than 20 deposits - Sobolevskoe, 
Zheltoe, Aktivnoe, Sarinskoe, Izhberdinskoe etc.) with reserves of about 25 mln.t.
Volcanic-Sedimentary Type. They are of high quality and have complicated geological structure. Montmorillonite 
content ranges from 50 to 80% (both alkaline and alkaline-earth type).
The deposit of bentonite clays “10th Khutor”, located in in Rep. Khakassia with reserves of 6 mln.t. belongs to the 
volcanic-sedimentary type. The deposit is localized within the continental tuff-sand-clay coal-bearing formation 
of Carboniferous age. Average montmorillonite content is 70% (alkaline-earth type, CEC - 45 mg-eq/100 g). Be-
sides 10th Khutor deposit, this coal-bearing formation contain at least four smaller deposits of bentonite clay and 
appears to be an area of interest for exploration.
Another important region is Sakhalin island where bentonite clay genetically and spatially associated with Miocene 
tuff-terrigenous coal-bearing deposits of Lower Neogene. Montmorillonite is of alkaline type and its content is about 
40-85%. The main deposits are Tihmenevskoe, Vahrushevskoe and Makarovskoe with total reserves of about 4 mln.t. 
As a result of the study of Russian bentonite clay deposits it can be concluded that volcanic-sedimentary type of 
bentonite origin tends to form bentonite-bearing provinces. Moreover, the majority of these provinces have a char-
acteristic feature - they are associated with fold belts and lay conjoint with coal-beds and are located in coal-bear-
ing basins. It is also worth noting that Wyoming deposit, one of the largest and high quality bentonite deposits in 
the world, located in the United States also belongs to this type, and occurs in conjunction with the coal-bearing 
strata.

This work was financially supported by the Russian Science Foundation (Project #16-17-10270). The founding.

[1] Sabitov A.A., Ruselik E.S., Trofimova F.A., Teterin A.N. (2010). Russian Bentonite: The Current State And Prospects For The Develop-
ment Of The Resource Base. Mineral Recourses of Russia. Economics and Management,. Vol. №5.



Scientific Research Abstracts
Vol. 7, p. 76, 2017
ISSN 2464-9147 (Online)
XVI International Clay Conference | ICC 2017 | Granada, Spain
© Author(s) 2017. CC Attribution 3.0 License
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Förster resonance energy transfer (FRET) is a nanoscale phenomenon taking part in the photosynthesis process 
in green plants. The resonance between two dye molecules with suitable photophysical properties is essential for 
FRET. Excitation energy transfer from an initially excited molecule representing the energy donor (ED) to the 
second molecule, representing the energy acceptor (EA) is then the fundamental step of the energy transfer. The 
objective of this work was to characterize FRET in hybrid systems based on the mixture of laser dyes adsorbed or 
intercalated in synthetic saponite (Sap). Six cationic dyes (xanthene and oxazine types) were chosen to match en-
ergy transfer conditions. Fluorescence spectra proved cascade, multistep FRET in the experiments based on hybrid 
colloids. The colloids were used as precursors for the preparation of hybrid thin films, which were characterized by 
the X-ray diffraction, absorption spectroscopy and linearly-polarized absorption spectroscopy. Dye molecular ag-
gregation was relatively low and the photoactive forms such as monomers and J-aggregates prevailed. Steady-state 
fluorescence spectroscopy, fluorescence anisotropy and time-resolved fluorescence spectroscopy confirmed the 
occurrence of very efficient, multi-step FRET also in the thin solid films. The concentration affects intermolecular 
distances between dye molecules intercalated in Sap film thus controlling FRET efficiency. Relatively low dye/
Sap ratio led to an optimal average distance sufficient for efficient FRET. Saponite with a low layer charge repre-
sents a suitable inorganic template for the construction of photoactive hybrid materials. The hybrid materials with 
laser dyes can be used as light harvesting systems and for light energy manipulations on the molecular level. They 
can be precursors of more complex materials as components for solar cells mimicking a cascade energy transfer 
processes occurring in photosynthesis systems of green plants. Besides that, the application of FRET in probing 
smectites, clay minerals or related materials is also considered.
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Modification of layered clays with different type of nanoparticles (NPs) has been a topic of intense research fo-
cused on the development of porous catalysts, thanks to their special features like their nanometer-scale and their 
capacity for versatile tuning of their components. Among the catalytic applications, clay materials have been wide-
ly used for the development of novel photocatalysts [1]. Photocatalysis is a useful technology for environmental 
remediation that has demonstrated its efficiency in degrading emerging contaminants present in water. This tech-
nology employs seminconductor catalysts (TiO2, ZnO, etc) that generate radicals thanks to their activation by light, 
yielding the oxidation of organic species. Nevertheless, these semiconductors have several drawbacks related with 
their low surface area, difficult recovering and lower efficiency under visible light. In this scenario, clay materials 
are used as supports of active semiconductors with the purpose of improving the porous network, the adsorption 
capacities and the rheological properties of the photocatalysts. 

In our prior research, we synthesized titania-clay photocatalysts with high activity for phenol degradation, fol-
lowing a sol-gel route that allowed the exfoliation of a layered clay at the same time as the assembling of TiO2 
nanoparticles [2]. Herein, we have extended the study through a new approach to improve the visible photoac-
tivity of titania-clay materials, preparing novel Ag/TiO2-ZnO/clay materials. These photocatalysts are based on a 
three-heterojunction between Ag nanoparticles (NPs), TiO2-ZnO semiconductors and a delaminated layered clay. 
Firstly, a series of TiO2-ZnO/clay materials were prepared by a sol-gel approach, varying the amount of ZnO (0.1 
to 2%), that were further used as supports of highly dispersed AgNPs. AgNPs were photodeposited in 1.0 wt% and 
its incorporation helps to improve the generation of radicals during photocatalytic process. The structural, elec-
tronic and textural features of the photocatalysts were characterized by different techniques. In all cases, the clay 
was delaminated by the incorporation of the oxide matrix between the layers, improving the textural properties of 
the materials with respect to the starting clay. All photocatalysts were constituted by anatase particles (15-20 nm) 
anchored to the layered clay and a homogenous distribution of AgNPs.

The Ag/TiO2-ZnO/clay materials were tested for the photodegradation of model pharmaceuticals (atenolol and 
acetaminophen, among others) under solar light. The degradation rate was checked under different conditions. 
The photodegradation was favoured at low concentrations of the target compound and atenolol showed the lower 
degradation rate. Although the target compounds were removed during the reaction, some TOC was remaining 
in solution due to the presence of short-chain carboxylic acids and unidentified by-products, although with very 
low significance in terms of ecotoxicity. The results of this study prove the ability of these novel photocatalysts to 
promote the degradation of these pollutants under solar light irradiation.

Acknowledgements: Authors acknowledge the financial support from the Spanish MINECO (project CTQ2016-78576-R). C. Belver is indebt-
ed to MINECO for the Ramon y Cajal contract.
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Layered double hydroxides (LDH) are compounds with a brucite structure showing a high specific surface area, a 
catalysis character and ion-exchange capability. These properties allow a wide application of LDH in many con-
texts mainly related with environmental remediation. 

Layered double hydroxides have been synthesised by co-precipitation process in aqueous solution [1], hydrother-
mal method [2], mechanochemical approaches [3], microwave heating and ultrasound technique [4]. Moreover, 
literature data document hydrotalcite and hydrotalcite-like compounds synthesis by different aluminium hazardous 
wastes and among these, red mud has been largely used [e.g. 5]. 

Red mud (RM) is a waste material formed during the production of alumina when the bauxite ores are subject to 
caustic leaching. Due to its chemical and mineralogical composition mainly characterized by the presence of iron-
based oxides, red mud was also used to induce magnetic properties in different materials [6]

In this paper, the action of ultrasonic process in synthesizing a large amount of layered double hydroxides (hy-
drotalcite) vs conventional hydrothermal process has been investigated. A sample of red mud was used as raw 
material. The results indicate that RM was converted in LDH applying both ultrasonic and hydrothermal methods. 
However, the comparison between the two processes shows that the action of sonication energy is more effective 
than hydrothermal heating in improving the reactivity of raw material and in accelerating the reaction to form 
hydrotalcite-like compounds. 

The synthetic products were characterized by X-ray powder diffraction (XRD) and scanning electron microscopy 
(SEM). Magnetic properties were also investigated. 

[1] De Martino A., Iorio M., Prenzler P.D., Ryan, D. Obied H.K., Arienzo M. (2013). Adsorption of phenols from olive oil waste waters on 
layered double hydroxide, hydroxyaluminium-iron-co-precipitate and hydroxyaluminium iron montmorillonite complex. App. Clay Sci. 
80-81, 154-161. 

[2] Miyata S. (1975). The syntheses of hydrotalcite-like compounds and their structures and physico-chemical properties—I: the system 
Mg2+-Al3+-NO3-, Mg2+-Al3+-Cl, Mg2+-Al3+-ClO4-, Ni2+ -Al3+-Cl and Zn2+-Al3+-Cl-. Clays Clay Miner. 23, 369-375.

[3] Qu J., Zhang Q., Li X., He X., Song S. (2016). Mechanochemical approaches to synthesize layered double hydroxides:a review. App. 
Clay Sci. 119, 185-192.

[4] Chang Q., Zhu L., Luo Z., Lei M., Zhang S., Tang H. (2011). Sono-assisted preparation of magnetic magnesium-aluminum layered double 
hydroxides and their application for removing fluoride. Ultrason. Sonochem. 18, 553-561.
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[6] Belviso C., Agostinelli E., Belviso S., Cavalcante F., Pascucci S., Peddis D., Varvaro G., Fiore S. (2015). Synthesis of magnetic zeolite at 
low temperature using a waste material mixture: fly ash and red mud. Micropor. Mesopor. Mat. 202, 208-216.
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During diagenesis, several reactions induce changes both in phyllosilicates and organic matter, which in basins 
associated to the production of hydrocarbons leads to ammonium fixation in illite and micas [1] and to dissolution 
induced by organic acids [2] [3]. Dissolution processes may contribute to the smectite-to-illite transformation, 
stabilized by fixation of K (and NH4

+). Ammonium is a weak acid in solution. Under neutral conditions where the 
concentration of hydronium is very low (<10-7 M), ammonium contributes to smectite dissolution. The effect of 
organic acid on silicates dissolution is partially known, but the potential role of ammonium is completely novel.

In order to study the possible influence of NH4
+ in the smectite-to-illite transformation reaction, a series of hydro-

thermal experiments were carried out at 100, 150 and 200 ºC, for 15 to 90 reaction days and two NH4
+ concentra-

tions (0.1 and 0.01 M). Solids were characterized after alteration by XRD and FTIR.

The results show that in these conditions, the smectite incorporates NH4
+ in the structure, and smectite dissolution 

is corroborated by the formation of K- and NH4
+-zeolites, at pH basic, and of K-feldspars and buddingtonite. Nev-

ertheless, the XRD patterns reveal that, in addition these phases, the solid products include a small peak at ~10 A, 
suggesting formation of illite

Thus, presence of NH4
+ seems to promote smectite-to-illite transformation reaction through the mechanism: NH4

+- 
smectite → interstratified I/S → illite. 
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Palygorskite is a hydrated silicate of aluminium and magnesium that has decolorizing power, thixotropic prop-
erties, high specific surface area and high sorption capacity. It is considered 2:1 clay with an octahedral layer of 
aluminium and magnesium between two tetrahedral layers of silica. The elongated and fibrous crystals give it 
suitable aspects for various industrial uses [1]. The mineral has high adsorption capacity for metals due to the 
isomorphic substitutions that can occur in the crystalline lattice. The most common substitutions are for Si4+ by 
trivalent cations (e.g. Al3 + or Fe3+) in the tetrahedral sheet, and for Al3 + by divalent cations (e.g. Mg2+ or Fe2+) in 
the octahedral sheet, which lead to a charge deficiency and a negative potential on the surface of the clay mineral 
[2]. In recent decades the contamination of water bodies by mercury discharge from mining activities in Brazil has 
prompted research to remove this metal in order to minimize environmental and human health impacts. This study 
involved the use of palygorskite from the state of Piauí, in the northeast region of Brazil, for mercury adsorption 
from aqueous effluents. The mineral underwent several stages of beneficiation and mineralogical characterization. 
The beneficiation stages consisted of comminution through a jaw crusher, wet bar milling, followed by wet gran-
ulometric classification and magnetic separation in the BOXMAG Rapid separator in a field of 15 kGauss. The 
mineralogical characterization was performed using XRD, XRF, SEM and TG-DTG methods. The CEC was de-
termined by the methylene blue method. The results indicated that the beneficiation stages were efficient because 
an increase of palygorskite concentration and decrease of impurities such as quartz and kaolinite were observed 
in the sample. The fraction smaller than 44 μm indicated 54.70% SiO2, 8.41% Fe2O3, 15.15% Al2O3 and 5.69% 
MgO. The CEC of the sample was 31cmolc/kg, which is within the range of reported values in the literature. SEM 
analyses showed the palygorskite grains maintained their fibrous appearance. The extracted sample in the <44 μm 
fraction was pelletized through the addition of binders, 10% WAX and 20% Portland cement 32. The pelletisation 
process using the binding agents prevented the segregation and migration of fine particles, and increased the con-
tact area of the clay mineral. The pellets were dried at 35 °C for 12 hours and were immersed in solutions of pH 
2, 5 and 10 to test their stability. The granulometry of the pellets used for the adsorption test ranged from 2.8 to 
4.75 mm. Mercury adsorption tests with the pelletized palygorskite were carried out in a fixed glass column with a 
layer of 60 g of the sample for percolation of 200 ml of the Hg(NO3)2 solution with the aid of peristaltic pump with 
a 2.4 L/h flow rate, at a predetermined time of up to 120 minutes. The analyses of low concentrations of mercury 
in the solutions were performed using an RA-915 + LUMEX mercury analyzer. The results showed that after 5 
and 30 minutes of testing, the pellets adsorbed about 11% and 22% mercury (on mass basis), respectively. The 
main adsorption range occurred in the 60-minute test, where 83% of the total mercury mass was adsorbed, after 
which there was no significant change with the maximum value (86.79%) reaching at 120 minutes. These results 
showed palygorskite was very efficient in the adsorption of mercury, adsorbing mostly within the first 60 minutes. 
Solutions of 180 ml of Hg(NO3)2 were percolated with concentrations of up to 800 mg/L of mercury in fixed layer 
of a glass column with approximately 60 g of the sample, in order to evaluate the thermodynamic mechanism that 
controlled the adsorption, by using Langmuir and Freundlich models. The solutions with high concentrations of 
mercury were evaluated by atomic absorption spectroscopy. Analysis of the coefficient of determination indicated 
that the Freundlich model, R2 = 0.9978, fitted the experimental data better. The tests demonstrated the efficiency 
of the palygorskite from Piauí to adsorb mercury in aqueous effluents, indicating its applicability in industrial 
processes for the removal of this metal.

[1] Murray, H. H. (2000). Traditional and new applications for kaolin, smectite and palygorskite: a general review. Appl. Clay Sci, 17, 207-
221.

[2] Guerra, D. L., Lemos, V. P., Angelica, R. S., Airold, C. (2007). Influência de argilas pilarizadas na decomposição catalítica do óleo de 
andiroba, Eclet. Quím. vol. 32 nº4 São Paulo.
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Kaolin is a rock composed principally by kaolinite [1]. Because of its properties, it is widely used in different 
industrial segments, such as paper and ceramics. For its use, the mineral must satisfy certain industrial standards, 
which can involve processes of granulometric classification, magnetic separation and chemical bleaching. Brazil 
is the sixth major world producer of kaolin [3] and most of its reserves can be found in the country’s northern re-
gion [4]. There are also occurrences of kaolin deposits in pegmatites of the Borborema Pegmatite Province (BPP), 
northeastern Brazil [5]. However, further studies of its mineralogical and technological features and the determina-
tion of methods to remove iron oxides and hydroxides, which decrease the whiteness index, are still necessary for 
the suitable exploitation of the ore. Therefore, this article reports the mineralogical and technological characteri-
zation of kaolin samples from BPP, and also the results of its beneficiation, aiming to determine the most suitable 
method to remove iron oxides and hydroxides. Three samples were obtained in the southern region of Borborema 
Pegmatite Province. Clay size (2 µm) and industrial fractions (44 µm) were obtained by suspension and wet vi-
bratory sifting, respectively. Clay-size fractions were prepared from each sample, then air dried, ethylene glycol 
solvated and calcined at 350 ºC and 550 ºC for diffractometric studies. Industrial fractions were processed in two 
routes. The first involved magnetic separation followed by chemical bleaching and the second only entailed chem-
ical bleaching. The fractions were analyzed by X-ray diffraction, X-ray fluorescence and scanning electron micros-
copy (for chemical analysis), granulometric analysis, determination of whiteness index and electron paramagnetic 
resonance. It was verified that the clay-size fractions are composed principally by kaolinite and, in two of the cases, 
by illite. In industrial fractions, it was possible to identify well crystalized kaolinite in the form of booklets and 
muscovite, quartz and feldspar, in gangue form. The industrial fractions’ chemical compositions indicated a high 
content of kaolinite. The magnetic separation was responsible for small increases of whiteness index and just 30 
minutes of chemical bleaching was necessary to achieve increases from 78.2 to 90.2%, 91.3 to 95.7% and 86.9 to 
90.4% in the whiteness indexes. The quantitative and qualitative analysis of the electron resonance paramagnetic 
spectra indicated that although magnetic separation was responsible for removal of iron oxides and hydroxides, 
it was inefficient in comparison to the chemical bleaching results for removal of the impurities from kaolin, and 
consequently improving the whiteness index [6]. Therefore, the kaolin samples tested were essentially kaolinitic 
and through the suitable beneficiation processes, it was possible to increase the quality of the ore, enhancing it for 
use in many industrial segments, adding value to this Brazilian ore.

[1] Petterson S.M., Murray H.H. (1975). Clays. Industrial Minerals and Rocks. American Institute for Mining & Metallurgical and Petroleum 
Engineers, 66.

[2] Prasad M.S., Reid K.J., Murray H.H. (1991). Kaolin: processing, properties and applications. Applied Clay Science 6, 87.
[3] Virta R.L. (2015). Clays. Mineral Commodity Summaries 2015. U.S. Geological Survey, 196.
[4] Ichihara A.H. (2015). Caulim. Sumário mineral, 135.
[5] Scorza E.P. (1944). Província Pegmatítica da Borborema. DNPM-DGM Boletim 112, 57.
[6] Unpublished. Campos V.M.J.S., Bertolino L.C., Alves O.C. (2017) Mineralogical characterization and study of the beneficiation of kaolin 

from Equador (RN) and Junco do Seridó (PB) aiming to increasing the whiteness index. Revista Cerâmica.
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Industrial development and the emergence of new technologies have had harmful consequences for the environ-
ment, for example the contamination of soils, rivers and seas by the disposal of heavy metals. Sustainable and 
economically favourable alternatives have been sought for the treatment of these effluents, one of them being 
adsorption by means of clay minerals [1]. Palygorskite is a hydrated lamellar clay with fibrous morphology. It is a 
phyllosilicate where two tetrahedral sheets composed of silicon and oxygen are connected by an octahedral sheet 
with magnesium ions [2]. The presence of micropores and channels in the mineral structure, as well as the elon-
gated nature of the particles and their fine granulometry, give palygorskite a high specific surface area and sorption 
capacity for different species [3]. The objective of this work was to evaluate the ability to remove Pb (II) and Cd 
(II) ions in synthetic effluents using palygorskite from Guadalupe, state of Piauí, Brazil. The clay was character-
ized by XRD, XRF, SEM, TG-DTG, surafec area by the BET method. Cation exchange capacity was measured 
by the methylene blue method and zeta potential measurements were done to determine the surface charge poten-
tial. Batch adsorption experiments were performed by equilibrating 2 g palygorskite with 40 ml of Pb(NO3)2 or 
Cd(NO3)2 for 1 h at pH 5. The removal efficiency of the metal ions was determined by atomic absorption analysis 
of the supernatants. The relationship between the concentration of the effluent and the amount of adsorbed ions 
(adsorption isotherm) was studied, and the results obtained in the adsorption tests were evaluated with the objec-
tive of understanding the maximum capacity and type of adsorption, and also if this process is favorable or not. 
Characterization techniques revealed that the sample is essentially composed of palygorskite, kaolinite, quartz and 
goethite and has SiO2, Al2O3, MgO and Fe2O3 concentrations of 58.0% 15.80%, 4.2% and 7.6%, respectively. The 
images obtained through SEM allowed the identification of the maintenance of the fibrous structure of the mate-
rial. The results of the analysis of cation exchange capacity (35.5 cmolc/kg), associated with the measurement of 
surface area (71.3 m²/g) and negative surface charge over the whole pH range studied, explain palygorskite’s high 
adsorption capacity for Pb and Cd. The results of the adsorption tests were efficient for both cations studied, with 
adsorption percentages of 99.0% and 91.0% for lead and cadmium, respectively. The Langmuir isotherm model 
proved to be the most adequate in describing the batch adsorption data for both metal cations, since the R² values 
were greater than those obtained for the Freundlich model. The results indicate that the adsorption process occurs 
in a monolayer, which is a reversible process. The free energy of Gibbs from the reactions of palygorskite with the 
studied cations occurs spontaneously, and the more negative value of ΔG is relative to the reaction with the lead 
ions. Thus, the reaction is more spontaneous for this cation, corroborating the greater interaction observed in the 
adsorption tests. The results of the characterization techniques (FRX and EDS) obtained after the batch adsorption 
process confirmed the presence of the adsorbed lead and cadmium ions in palygorskite.

[1] SALES, P. F. de. Aplicações ambientais de argilominerais modificados por tratamento ácido: a busca por materiais ecoamigáveis. 2013. 
141 p. Tese (Doutorado em Agroquímica) - Universidade Federal de Lavras, Lavras, 2014.

[2] POST, J.L.; CRAWFORD, S. Varied forms of palygorskite and sepiolite from different geologic systems. Applied Clay Science; 36:232, 
2007.

[3] MURRAY, H.H. 2000. Traditional and new applications for kaolin, smectite, and palygorskite: a general review. Applied Clay Science, 
17, p. 207-221.



Scientific Research Abstracts
Vol. 7, p. 83, 2017
ISSN 2464-9147 (Online)
XVI International Clay Conference | ICC 2017 | Granada, Spain
© Author(s) 2017. CC Attribution 3.0 License

ADOBES FROM THE AGUADA CULTURE (c. 300-1100 BC) AND THEIR 
POSSIBLE CLAY SOURCES AT AMBATO VALLEY (CATAMARCA, 
ARGENTINA)
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University of Stavanger, Department of Petroleum Engineering, 4036 Stavanger, Noway  
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Although the studies of pre-hispanic architecture in northern Argentina are widespread, very little is known of the 
adobes used in architectural elements (walls, seats, etc.). During the first millenium of the Cristian era at the Ambato 
Valley (Catamarca, Argentina), the residential buildings were made combining adobe walls and stone colums. The 
walls were covered with either rock, clay plaster or red paint. Adobes from Piedras Blancas (PB) and Cerco de Palo 
065 (CP65) residential sites of the Aguada Culture (4th to 12th c. AC) have been examined as well as local possible 
raw materials within the Ambato valley. Based on the size, building complexity and other features that reflect the 
social status of the inhabitants, PB is the site with higher hierarchy and complexity. CP65 on the other hand, locates 
800 m north of PB and represents one of low hierarchy. 

This investigation will help to characterize these materials, to identify the clay source and to evaluate the availa-
bility, consumption and procurement of raw materials in the ordinary life of the Aguada people. Mineralogical and 
geochemical studies were conducted by XRD, FE-SEM-EDS, XRF and lithium metaborate/tetraborate fusion ICP 
combined with ICP/MS method on both the adobes and the possible source materials. The latter were also prelimi-
nary evaluated on basic physical and technological properties; their mineralogy, geochemistry and properties have 
been previously reported [1].

There are no commercial clay deposits in the area. Local clay sources were selected as possible candidates from: 
clays of fault gouges derived from crystalline Precambrian to Low Paleozoic basement rocks (Humaya y Los Esco-
bales), altered epiclastic rocks (Los Escobales) and Quaternary loessic sediments (Cerco de Palos 65a-b, El Rodeo, 
Los Varela, La Aguada, Los Escobales) that filled the valley and crop out close to the archaeological sites. 

At PB the adobes are fairly homogeneous in mineralogy and composed of quartz, micas (phlogopite, muscovite 
and biotite) and plagioclase along with hornblende, hypersthene, scarce chlorite and a clay suite of dominant illite, 
irregular I/S, and traces of kaolinite associated with minor calcite. Only the adobe from the perimeter wall (PB802) 
do not contain amphyboles and hypersthene but higher proportions of expandable clays (I/S). The adobe from CP65 
is similar but with lower proportions of hornblende.

This mineralogy matches that of the Quaternary loessic sediments one of which is nowadays used to make adobe. Par-
ticularly minerals like hornblende, hyperthene, phlogopite and kaolinite are present in both the adobes and the sediments.

Comparing the chemical composition of the adobe material with the sampled clays then all but the samples from the 
fault gouge are possible candidates for the origin of the adobe. These clay samples are strongly enriched in Bi, Sb, 
Pb and Cs. The adobe samples do match nearly perfectly the Quaternary sediments and source material samples, 
besides one fractionated sample (a gravel) from El Rodeo. Slight differences can be observed only in a minute de-
pletion in the adobe samples for Fe2O3 and TiO2 and enrichment in K2O (which is variable in the sources), Th and 
Cs - besides the significant enrichment in Nb and Ta. Hence, these source samples have been most probably used 
for the manufacturing of the adobe material. However, the mentioned source samples are not covering the entire 
composition of the adobe material as those are enriched in Cs, Nb and Ta; a certain additional input of Cs, Nb and 
Ta enriched material is necessary as all indicated source samples here show lower concentration of those three el-
ements than the adobe, yet a mixing with the highly enriched samples from the fault gouge is not possible as then 
other trace elements should be enriched in the adobe, like Sb, Bi, Pb and Zr. 

The trend of using local Quaternary sediments for the adobe is strongly suggested by the mineralogy and the ge-
ochemistry. There are no significant differences in the use and supply of raw materials between sites of different 
hierarchy.

[1] Bertolino S. R., Gastaldi M. R., Zimmermann U., Laguens A. (2016). Clay supply for Aguada ordinary vessels from Piedras Blancas (4th 
to 12th centuries AC), Ambato Valley (Argentina). Applied Clay Science 131, 158-174.
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HALLOYSITE-BIOPOLYMER SYSTEM IN AQUEOUS SOLUTION: NANO-
ITC INVESTIGATION
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Studies on stability of halloysite nanotubes (HNTs) in aqueous polymer dispersions are conducted. HNTs are 
interesting for recent research because they are considered “green” materials and have versatile properties such 
as hollow tubular morphology, large specific area, tunable surface chemistry, high mechanical strength and ther-
mal stability [1,2]. They are already used in the preparation of polymer systems as transport/drug delivery and in 
treatment wastewater, or as reinforcing agents. Selective absorption inside or outside nanotubes can be controlled 
by electrostatic force [3]. Three polymers with different surface charge, an anionic (pectin), a neutral (hydroxypro-
pylcellulose, HPC), a cation (chitosan), are chosen. HNTs and polymers concentrations are respectively 1 and 0.1 
wt% in all dispersions. Turbidimetric technique is used to evaluate the stability of functionalized nanotubes in wa-
ter. Turbidimetry shows that aqueous dispersion of HNTs in presence of HPC is more stable than others. Viscosity 
measurements prove that dispersed particles stability in solution was not due to a kinetic effect. Polymer adsorp-
tion onto HNT surface is investigated by isothermal titration calorimetry (ITC). The experimental data are inter-
preted on the basis of a model of adsorption of the polymer on the nanoparticle and they allowed the calculation of 
the standard variation in free energy, enthalpy and entropy of the process. ITC was used to interpret turbidimetric 
data. z-Potential clarifies surface charge properties of functionalized nanotubes upon polymer absorption. Meas-
urements are conducted by varying polymer concentration or pH, respectively. Different trends are obtained for the 
various systems. This behaviour confirms different interaction mechanism between the components (HNTs-pol-
ymer). Chitosan, with its positive charges, could prefer to interact to negative external nanotube surface; pectin, 
instead, could interact with the inner nanotube surface. Both polymers, however, stabilize HNT particles in water 
according to electrostatic mechanism. A trend of z-potential almost constant is obtained with HPC, so the better 
stability of this system could be attributed to a steric rather than electrostatic stabilization. Modified nanotubes by 
interactions with polymers may lead to the formation of colloidal systems with controlled stability and it offers 
different perspectives of new applications (area of cosmetics and medical implants) of these dispersions such as 
good carriers for substances to be released in response to external stimuli.

[1] Lvov Y.M., Shchukin D.G., Mohwald H., Price R.R. (2008). Halloysite clay nanotubes for controlled release of protective agents.ACS 
Nano, 814-820.

[2] Pasbakhsh P., Churchman G.J., Keeling J.L. (2013). Characterisation of properties of various halloysites relevant to their use as nanotubes 
and microfibre fillers. Applied Clay Science, 47-57.

[3] Cavallaro G., Lazzara G., Milioto S. (2012). Exploiting the Colloidal Stability and Solubilization Ability of Clay Nanotubes/IonicSur-
factant Hybrid Nanomaterials. The Journal of Physical Chemistry C, 2193-21938. 
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CHARACTERISATION OF CLAYS AND CLAY MINERALS FROM 
BOREHOLES IN THE IRRUPUTUNCU AND OLCA VOLCANOES 
HYDROTHERMAL SYSTEMS, CHILE

christian BEtancourt*, diEgo morata 
Department of Geology and Andean Geothermal Centre of Excellence (CEGA), Faculty of Physical and Mathematical 
Sciences, Universidad de Chile, Santiago, Chile

The Irruputuncu and the Olca are active volcanoes located in the Chilean Altiplano, where both of them present 
fumaroles at their craters and hot/warm springs at their bases. Previous geothermal explorations carried out on the 
zone conducted the drilling of 5 exploratory wells; two slim boreholes at the Irruputuncu (~800 m and ~1430 m 
depth) and three exploration water wells at the Olca (<700 m depth), from which numerous samples were taken at 
different depths for this study. The Irruputuncu is a dacitic stratovolcano with a sequence, as seen on the boreholes, 
dominated by tuffs, breccias and minor lava flows, with bottom hole temperatures close to 150 °C and 195 °C (at 
700 m and 1371 m depth, respectively). On the other hand, the Olca is an andesitic volcano in which shallow drill-
ings at its base confirm de occurrence of hot water aquifers of up to 70 °C and a zone dominated by smectite clays. 
This work aims to study the current hydrothermal systems associated to this volcanoes through different means, 
one of them being the recognition and characterization of clays and clay minerals and their variation in relation to 
different depths in each well.

The first approach to analyse the different clays and clay minerals present in the samples will be through the use of 
XRD and other traditional means, aiming to approach challenges such as their reaction progress with temperature 
and depth. Likewise, we aim to study the whole-rock control on clay mineral formation, analysing contrasting 
lithologies with different primary volcanic-related structures. After the results from the XRD have been obtained, 
the analysis on this minerals will continue afterwards through the use of methods like SEM, EMPA and TEM.

Since this study is a work in progress that is just beginning, the data from this analysis has not yet been obtained, 
but the preliminary results regarding the XRD will be ready in time to be exposed during the congress. Neverthe-
less, we expect to find clay sequences more commonly associated to acidic hydrothermal systems.

Acknowledgments: this work is supported by the Fondap-Conicyt Project 15090013 “Andean Geothermal Center 
of Excellence (CEGA)”, a PhD grant to Christian Betancourt from CONICYT-Chile and by the Compañía Minera 
Doña Inés de Collahuasi, which granted access to their facilities and the core samples.

[1] Reyes N., Vidal A., Ramirez E., Arnason K., Richter B., Steingrimsson B., Acosta O., Camacho J. (2011). Geothermal Exploration at 
Irruputuncu and Olca Volcanoes: Pursuing a Sustainable Mining Development in Chile. Geothermal Resources Council Transactions, 
983-986.
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MECHANICAL AND THERMAL PROPERTIES OF 
POLY(ε-CAPROLACTONE) NANOCOMPOSITES WITH CLAY-
SUPPORTED CARBON NANOTUBE HYBRIDS
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In the recent study poly(ε-caprolactone) (PCL) nanocomposites with hybrid clay-supported carbon nanotubes 
(Clay-CNT) in concentrations 0.5, 1.0 and 2.5 wt% have been prepared by melt mixing. Emphasis was given to 
study the effect of nanoadditive on mechanical and thermal properties of PCL/Clay-CNT nanocomposites. All na-
nocomposites exhibited similar stress-strain patterns to those of neat PCL but with many differences. It was found 
that increasing nanofiller content tensile strength at yield point and Young’s Modulus values increased. This is an 
indication that used hybrid acts as reinforcing agent. Tensile strength at break has also a similar trend and enhanced 
for nanofiller concentration 0.5-1 wt%. After that a small decrease was observed. As was found by XRD the fillers 
were exfoliated in the polymeric matrix, but no covalent interactions were detected based on XPS and FTIR meas-
urements. Concerning thermal properties it was found that the crystallinity of PCL/Clay-CNT nanocomposites is 
the same as for neat PCL, but the nanofiller acts as nucleating agent which promotes the crystallization and also 
allows it to occur at higher temperatures. Under isothermal conditions, the rate of crystallization decreased dras-
tically with increasing the temperature. Crystallization half-times were also decreased for the nanocomposites, 
which show that isothermal crystallization proceeds faster since filler particles cause heterogeneous nucleation. 
Under isothermal conditions, the rate of crystallization decreased drastically with increasing the temperature. 
Crystallization half-times were also decreased for the nanocomposites, which show that isothermal crystallization 
proceeds faster since filler particles cause heterogeneous nucleation. Thermal stability is instead negatively influ-
enced by the nanofiller, since Clay-CNT catalyzes the decomposition of PCL at lower temperature. The presence of 
hydroxyls on the surfaces of clays and to a lower extent on the CNTs accelerated degradation rates of PCL as found 
by TG. In all samples degradation occurs mostly via intramolecular transterification reactions, and/or unzipping 
reactions from the α-carboxylic acid chain-ends at 370 °C, while at 400 °C cis-elimination also takes place, thus 
this secondary mechanism is favored at higher temperatures. The predominant mechanism remains intramolecular 
transterification in all temperatures. The monomer ε-caprolactone is the main decomposition product.
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Clay minerals, mainly smectites, saturated with organic cations (organoclays) have attracted a great attention 
during past decades because of their use as adsorbents in treatment of contaminated waters. Understanding micro-
structure of organo-montmorillonites under wet/dry conditions is of high importance in clarifying their adsorption 
characteristics towards hydrophobic organic compounds in water. In this work the arrangement of less-traditional 
octylammonium cations in the montmorillonite interlayers was investigated at dry and hydrated conditions. The 
Na-saturated montmorillonite from Jelšový Potok deposit in Slovakia (Na-JP) and dioctylammonium (2C8) and 
tetraoctylammonium (4C8) salts were used for organoclays preparation. To prepare materials with sufficient hy-
dration potential the loading concentration of hydrophobic organic cations was only 20% of the CEC of Na-JP. 
The samples were placed in glass vials, dried overnight at 80 °C and stored above P2O5 for 48 h. The increase of 
d001 value of dried samples from 12.5 nm (Na-JP) to 12.9 nm for 2C8-JP and 15.3 nm for 4C8-JP indicated the 
formation of lateral monolayers of the surfactants. The conformation of the 2C8 and 4C8 surfactants was examined 
by the near-IR (NIR) spectroscopy. The position of the first overtone of the CH2 groups (2νCH2) indicated the abun-
dance of ordered all-trans and disordered gauche conformers in montmorillonite interlayers. The wavenumbers of 
the 2νCH2 of 2C8-JP and 4C8-JP at 5815 and 5805 cm-1, respectively, suggested dominance of gauche conformers 
in both samples, however, slightly higher number of disordered conformers was detected for smaller 2C8 cati-
ons. Dried samples were further hydrated for 96 h over the water vapour providing the 100% relative humidity. 
The amount of adsorbed water was 8.1 mass% for the 2C8-JP and 7.0 mass% for 4C8-JP. The hydration of the 
samples evoked a shift of the 2νCH2 band to the lower wavenumber indicating the increasing number of all-trans 
conformers. More pronounced shift, i.e. from 5815 to 5799 cm-1 was observed for 2C8-JP while displacement 
from 5805 to 5798 cm-1 was found for 4C8-JP. Water molecules are supposed to enlarge the interlayer space and 
make alkyl chains easier to stretch to all-trans conformation. The reverse process, i.e. dehydration was followed 
using a special NIR DRIFT temperate cell allowing in-situ measurement of the NIR spectra in a temperature 
range 25 - 200 °C. Both hydrated samples showed the shift of the 2νCH2 band to higher wavenumber indicating 
decreasing amount of trans and increasing gauche conformers with increasing temperature. For 2C8-JP a marked 
change was observed mainly in temperature range from 25 - 125 °C (by 15 cm-1), further increase in temperature 
remained the position of this band unchanged. The 2νCH2 band of hydrated 4C8-JP was shifted by 8 cm-1 mainly in 
temperature range from 25 - 100 °C. Different behaviour was observed for 2C8-JP and 4C8-JP dried before in-situ 
NIR measurements. Heating up to 200 °C had no effect on the 2νCH2 position remaining almost the same within the 
whole temperature interval. Moreover, the positions found for dried samples, i.e. 5814 cm-1 for 2C8-JP and 5805 
cm-1 for 4C8-JP, were the same as those detected for hydrated samples heated at/above 150 °C. It is evident, that 
these wavenumbers reflect the highest possible degree of disorder of octylammonium surfactants at loading level 
corresponding to 20% CEC of Na-JP.

The authors acknowledge the financial support of the Slovak Research and Development Agency (grant APVV-15-0741). 
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DIVERSITY IN THE W-(CU,MO) ORE DEPOSIT OF BORRALHA, 
NORTHERN PORTUGAL
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Four assemblages of trioctahedral chlorite were identified in the magmatic-hydrothermal system of Borralha (N 
Portugal): i) Fe,Mn-chlorite joined to scheelite I; ii) Fe-minerals joined to wolframite + scheelite II ± sulphide; iii) 
Fe,Mg-chlorite joined to molybdenite + bismuthinite, and iv) Mg,Fe-chlorite joined to chalcopyrite. Crystal chemis-
try of Fe-chlorite (Al3.01Fe3+

0.25Fe2+
7.95Mn0.26Mg0.19) (Si5.44Al2.56)4O10(OH)8 and Fe,Mn-chlorite (Al2.69Fe3+

0.02Fe2+
7.54 

Mn1.08Mg0.62)(Si5.31Al2.68)4O10(OH)8 corresponds to daphnite. Fe,Mg-chlorite (Al2.89Fe3+
0.24Fe2+

6.42 Mn0.21Mg2.08)
(Si5.31Al2.79)4F0.31O10(OH)8 corresponds to ripidolite and Mg,Fe-chlorite (Al2.63Fe3+

0.37Fe2+
1.72Mn0.01Mg6.40 Ca0.26)

(Si6.02Al1.98)4 O10(OH)8 to pychnochlorite. 

X-ray patterns of chlorite minerals correspond to a typical Fe-chlorite structure, but the 00l intensities show a clear 
difference related to the relative intensities of 00l reflection planes. Higher intensities correspond to Fe,Mn-chlo-
rite due to the presence of heavy metals (e.g., Mn) incorporated between the silicate and hydroxide octahedral 
sheet. The 060 plane occurs at 1.54 Å indicating a trioctahedral structure of chlorite minerals, which belong to the 
IIb polytype. The wavenumber, intensity and shape of infrared (IR) spectra chlorite minerals varied with composi-
tional changes in octahedral sheet well documented by electron microprobe analysis. The Si-O stretching vibration 
plane (990 cm-1) of Fe,Mn-chlorite is sharper than in Fe,Mg-chlorite. 

Fe-oxidation state of chlorite was determined by X-photoelectron spectroscopy (XPS) and calculated for EPMA 
data. The Fe3+/∑Fe ratio determined on the basis of XPS is relevant, ranging from 0.04 to 0.07 in Fe,Mn-chlorite 
and from 0.12 to 0.15 in Fe,Mg-chlorite; lower Fe3+/∑Fe values were obtained using the chemical analytical data. 

Chlorite geothermometry was determined using the approaches of Bourdelle et al. (2013), Cathelineau (1988) and 
also, estimated by varying XFe and Fe3+/(Fe3+ +Fe2+) (Inoue et al.2009). Accordingly, temperature of Fe,Mn-chlo-
rite (scheelite I) formation ranges from 450 to 500 ºC; for Fe-chlorite (Mn-bearing wolframite + scheelite II ± 
sulphide), temperature conditions vary from 300 to 400 ºC; for Fe,Mg-chlorite (Mo-mineralization) is about 250 
ºC and for Mg,Fe-chlorite around to 150 ºC.

[1] Bourdelle, F., Parra, T., Chopin, C. and Beyssac, O. (2013). A new chlorite geothermometer for diagenetic to low-grade metamorphic 
conditions. Contributions to Mineralogy and Petrology, 165, 723-735.

[2] Cathelineau, M. (1988). Cation site occupancy in chlorites and illites as a function of temperature. Clay Minerals, 23, 471-485.
[3] Inoue, A., Meunier, A., Patrier-Mas, P., Rigault, C., Beaufort, D. and Vieillard, P. (2009). Application of chemical geothermometry to 

low-temperature trioctahedral chlorites. Clays and Clay Minerals, 57, 371-382.
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The Apuseni Mountains represent a broken exhumed fragment from Apulian promontory located between the Pan-
nonian and Transylvanian basins. The Permian bimodal volcanism (mafic and mafic-intermediate rocks intercalat-
ed with rhyolitic rocks were pervasively affected by the Alpine dynamic metamorphism. The mafic-intermediate 
and felsic rocks represent a specific example of an association of bimodal volcanism rocks within a post-collisional 
extensional setting (Nicolae et al. 2014). 

Deformed mafic-intermediate rocks (i.e. lava flows sometimes as pillow of basalts or basaltic andesites, tuffites, 
rare spilitic dolerites and andesites) collected from the Moma and Dieva nappes and rhyolitic rocks from the Di-
eva, Finis, Moma and Gârda nappes were studied by optical microscopy, X-ray diffraction (XRD) and electron 
microprobe analysis (EMPA).

XRD patterns of the <2 µm clay fractions extracted from deformed basalt and doleritic rocks show the presence 
of chlorite, whereas illite is the dominant mineral in the coarse fractions extracted from deformed rhyolitic rocks. 
Chlorite Árkai-index (AI) point to from low- to middle anchizonal conditions for the deformed basalt samples. 

Chlorite is ubiquitous in all deformed basalts samples, but the composition is different. EMPA show a typical 
crystal chemistry composition of Fe,Mg-chlorite (Si5.75Al2.25)(Al2.32Fe3+

0.05Fe2+
4.05Mn0.02 Mg5.47)O10(OH)8 (pycno-

chlorite) and Mg-Chlorite (Si5.58Al2.42)(Al2.49Fe3+
0.12Fe2+

1.88Mn0.04 Mg7.15) O10(OH)8 (ripidolite) in slowly deformed 
basalt rocks, whereas the Fe-chlorite (Si5.77Al2.33) (Al2.10 Fe3+

0.00Fe2+
6.85Mn0.12Mg2.55)O10(OH)8 (brunsvigite) variety 

was found in strongly deformed basalts. Mineral assemblages identified in deformed basalts are characterized by 
chlorite + epidote ± calcite ± magnetite. Chlorite geothermometer (Bourdelle et al. 2013) estimated a higher tem-
perature at about 230 ºC for brunsvigite variety.

Illite Kübler-index (KI) pointed also for low-anchizonal conditions for deformed rhyolite. The “b” cell dimension 
parameter measured in illite minerals is about 8.98 Å, characteristics of low-pressure. Illite minerals from deformed 
rhyolitic rocks show an end-member illite with phengitic and no paragonitic composition [K0.83(Al1.63Fe0.16Mg0.26)
(Si3.38Al0.62)O10(OH)2]. Also, illite + chlorite (<30%) assemblage was identified in the rhyolitic rocks with small 
amounts of biotite. Crystal chemistry correspond to Mg-chlorite (Si6.11Al1.89) (Al2.38Fe3+

0.27Fe2+
1.87Mn0.06Mg6.77)

O10(OH)8 (pycnochlorite), estimating a temperature at about 170 ºC. 

[1] Bourdelle, F., Parra, T., Chopin, C. and Beyssac, O. (2013). A new chlorite geothermometer for diagenetic to low-grade metamorphic 
conditions. Contributions to Mineralogy and Petrology, 165, 723-735. 

[2] Nicolae, I., Seghedi, I., Bobos, I., Azevedo, M.R., Ribeiro, S., Tatu, M. (2014). Permian volcanic rocks from the Apuseni Moiuntains 
(Romania): Geochemistry and tectonic constarints. Chemie der Erde, 74, 125-137. 
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SOME FEATURES OF MONTMORILLONITE’S SAMPLE PREPARATION 
TO THERMAL ANALYSIS (DSC, DTG, TG)

julia boCHarnikova (1), dmitriy sivkov (1,2), natalia boeva (1)*
(1) IGEM RAS, Moscow, 119017, Russia, (2) MSU, Moscow, 119991, Russia

Montmorillonite is a phyllosilicate. A member of the smectite group. This is a 2:1 clay, meaning that it has two tet-
rahedral sheets sandwiching a central octahedral sheet. It is rock-forming mineral of bentonite. This mineral very 
well swells in water. Know about the presence and amount of montmorillonite in rocks or soils necessary for geol-
ogist and build-engineering. Also important is content of exchangeable cation, because the swelling depend on not 
only the amount of montmorillonite, but also the composition of exchangeable cations and surrounding solution. 

Researches were carried out using he F1 Jupiter STA 449 instrument («Netzsch», Germany) by heating rate 10 K/
min in the closed crucibles in the air atmosphere. Samples weight - 40 mg. 

In this work different shapes thermal curves (graphs) of montmorillonite were considered. The first endoeffect 
which is accompanied by the removing free and interlayer water can has a different intensity. Na+-montmorillonite 
is able hold a few layers of water. Therefore we unable use this peak for identification montmorillonite and its type. 
The unification of sample preparation helps researcher to solve the problem. For the comparability of the curves 
in some laboratories accepted withstand in the constant humidity desiccators over salts or salt solutions, also use 
heating up to 105 °C. 

Due to remove excess water molecule without complete dehydration in our case makes sense saturate water va-
pour over a saturated solution of K2SO4 (p/p0=0.97). Although, in nature samples admixture of illite are able give 
dehydration it same temperature range. Micas dehydroxylation occur together montmorillonite dexydroxylation. 
This in turn prevents applying dehydroxylation data. For differentiation of montmorillonite from others minerals 
additionally is proposed saturated clay sample of ethylene glycol vapor. As diagnostic sign of montmorillonite is 
swelling in ethylene glycol, this allows applying this property during analysis of mineral substances. There are 
serial of endoeffects on a DSC-curve of ethylene glycol removing: the first at the temperature of 180-210 °C, the 
second and others - 210 to 400 °C, which are responsible to 1) removing free ethylene glycol and 2) collapsing of 
“ethylene glycol - interlayer exchangeable cation montmorillonite” complex. Using DTG and TG data F. Nieto [1] 
determined amount of smectite. 

Sometimes it is require studying of organic matter in the structure and in this case it is desirable to remove all 
moisture, but without pre-oxidation. It impossible to dry this sample by heating, to remove water necessary to hold 
it over P2O5 [2]. For comparison needs curves with wet montmorillonite (p/p0=0.97). During scanning smectite 
with organic matter you can extract more information by change oxidation to inert atmosphere and by comparing 
curves. For example, the behavior of the heat flow of amorphous silica saturated ethylene glycol differs from 
montmorillonite by the presence of endoeffect in Ar-atmosphere and exoeffect in air at the temperature interval 
550-650 °C. 

Require deflating the air to vacuum sale before start of program. This curve also shows changes which occur in 
vacuum during heating. As reduction of dehydration endoeffect due to escape of free water or partially to escape 
of “Na+-water”. 

Thus the choice of the mode of sample preparation and scanning atmosphere allows you to differentiate montmo-
rillonite /smectite from others minerals and substances.

Work is executed at financial support of the program of Department of Earth Sciences of the Russian Academy of 
Sciences III.8.5.

[1] Nieto F., Abad I., Azanon J.M. (2008). Smectite quantification in sediments and soils by thermogravimetric analyses. Applied Clay Sci-
ence. Vol. 38, pp. 288-296.

[2] Gubaydullina A.V., Lygina T.Z., Shinkarev (Jr) A.A., Shinkarev A.A., Lin E.V. (2016). Methodical features of clay rock sample prepa-
ration for thermal analysis. International Conference on Thermal Analysis and Calorimetry in Russia (RTAC-2016) (September 16-23, 
2016, St. Petersburg, Russia): Proceedings - St. Petersburg, SPbPU Publisher, 2016, Vol. I. - pp. 234-238.
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UNIQUE PHOTOPHYSICAL BEHAVIOR OF THIOCYANINE/CLAY 
HYBRID SYSTEMS

peter boHáč (1)*, adriana Czímerová (1), juraj bujdák (1,2)
(1) Institute of Inorganic Chemistry, Slovak Academy of Sciences, Bratislava, SK-845 36, Slovak Republic, (2) Department of 
Physical and Theoretical Chemistry, Faculty of Natural Sciences, Comenius University, Bratislava, SK-842 15, Slovak Republic 
*bohac.peter@gmail.com

Hybrid colloidal dispersions based on cationic cyanine dye 3,3’-diethyl-2,2’-thiacyanine (TCy) and three smec-
tites with different layer charge (synthetic saponite (Sap), hectorite (H), and montmorillonite (M)) were prepared 
and their spectral properties were investigated by absorption and fluorescence spectroscopies. The photophysical 
properties of hybrids were compared with the properties of dye solutions. The solution of TCy in ethanol is consist 
mostly of monomers and exhibits a negligible luminescence. 

The dye adsorption on smectite particles led to dye aggregation and to the significant changes of its spectral prop-
erties. A detailed analysis of absorption spectra based on chemometric methods (principal component analysis 
and multivariate curve resolution - alternating least squares) [1] revealed a very complex nature of these hybrid 
systems. The presence of three relevant components (monomeric form, H- and J-aggregates) were identified in all 
prepared hybrids. 

The formation of a high number of J-aggregates in TCy/M lead to the enhancement of fluorescence and to the 
narrow shape of the fluorescence spectra. Amount of J-aggregates were increased with interaction time, what can 
be explained by kinetics of the molecular aggregation of cationic dyes on clay surface [2]. With decrease of layer 
charge of smectites and TCy/clay loading, amount of formed J-aggregates was decreased. 

TCy luminescence was significantly enhanced upon the adsorption on Sap surface, but could not be assigned to a 
J-aggregation. Strong couplings, such as collective exciton delocalization in dye supramolecular systems formed 
on saponite surface and weak coupling via excitation energy migration and transfer led to the emission spectra, 
whose profiles did not depend on the excitation wavelengths. Enhanced luminescence could be assigned to the 
fixation of dye molecules on Sap surface, thus preventing rotational relaxation of the molecules [3].

These colloidal systems are perspective precursors for other hybrid materials.

This work was supported by the Slovak Research and Development Agency under the contract No. APVV-15-0347, APVV-15-0741 and Grant 
Agency VEGA 2/0107/13.

[1] Lofaj M., Valent I., Bujdák J. (2013). Document Mechanism of rhodamine 6G molecular aggregation in montmorillonite colloid. Cent. 
Eur. J. Chem, 11, 1606-1619. 

[2] Baranyaiová T., Bujdák J. (2016). Reaction kinetics of molecular aggregation of rhodamine 123 in colloids with synthetic saponite nan-
oparticles. App. Clay Sci. 134, 103-109.

[3] Boháč P., Czímerová A., Bujdák J. (2016). Enhanced luminescence of 3,3’-diethyl-2,2’-thiacyanine cations adsorbed on saponite parti-
cles. App. Clay Sci. 127-128, 64-69. 
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CERAMICS APPLICATION OF ALLUVIALS CLAYS FROM NGWENFON 
(CAMEROON) IN BULDING CONSTRUCTION

bomeni isaaC yanniCk (1)*, njoya andré (2), WouatonG armand sylvain ludoviC (1), nGapGue 
franCois (3), yonGuefouateu rose (4), maCHe jaCques riCHard (5), kamGanGkabeyene véronique 
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Artand Art History, Fine Arts Institute of Foumban, P.O. Box 31, Foumban, Cameroon, (3) Department of Civil Engineering, 
Fotso Victor Institute of Technology, P.O. Box 134 Bandjoun Cameroon, (4) Department of Earth Sciences, University of 
Yaoundé I, P. O. Box 812 Yaoundé Cameroon, (5) Department of Technical Support, Local Material Promotion Authority 
(MIPROMALO), P. O Box 2396 Yaoundé, Cameroon, (6) Department of Earth Science, Higher Teacher Training College, 
P.O Box 47 Yaoundé Cameroon, (7) Department of Geology, University of Liege, 4000, Liege Belgium 
*isaacbomeni@yahoo.fr

Our aim is to characterize four types of alluvial clays from the locality of Ngwenfon at 35 kilometers of Foumban 
(West Cameroon). X-ray diffraction, chemical composition, particle size distribution, organic matter and plasticity 
have been investigated in raw clay materials in order to test their suitability for building material and firing bricks 
in particular. Ceramics properties such as linear shrinkage, water absorption, flexural strength, compress strength 
and mineral neoformations have been also investigated by firing specimen brick at temperature range to 800 °C at 
1150 °C. Kaolinite, quartz, goethite, feldspath and illite represent the dominant mineral phases, associated minor 
contribution of chlorite, gibbsite, anatase and plagioclase. SiO2, Al2O3, and Fe2O3 are the main oxides. The physi-
cal parameters of alluvial clays display a continuous and wide spread granulometry with relatively high plasticity 
(from 20 to 60%) and high organic matter contain (from 9 to 13%). A significant densification has been observed 
from 1000 °C to1150 °C. It is confirmed by the appearance of new mineral phases like mullite, cristobalite and 
spinelle, responsible for increased mechanical strength and reduced water absorption. Most alluvial clays from 
Ngwenfon display suitable ceramic properties at sintering range from 1000 °C to 1150 °C. However, the black 
clays, with their low ceramic properties at 1150 °C, are inappropriate for firing brick production. Indeed, black 
clays are characterized by a compress strength ≤16,2 MPa, i.e. a value lower than the required value of 20 Mpa for 
the standard reference NF P 12-021-2. 

Keywords: Alluvial clays; Cameroon; Characterization, Ceramic properties, Building construction.
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SIMULATION OF 3D CRACK APERTURE DISTRIBUTIONS USING 
14C-PMMA METHOD

marine bonnet (1)*, paul sardini (1), laurent Caner (1), jukka kuva (2), marja siitari-kauppi (2)
(1) IC2MP, HydrASA, University of Poitiers, France, (2) HYRL, Department of Chemistry, University of Helsinki, Finland 
*marine.bonnet@univ-poitiers.fr

The transport properties of geologic materials are strongly affected by their structure which leads to different 
weathering processes. Fractures control the global mechanical and transport properties of rocks, thus it is of a 
crucial importance to better understand and characterize them. To this end, a multi-scale approach is needed be-
cause of the highly variable spatial, length and aperture distributions of cracks. The present study proposes a novel 
approach to characterise aperture distribution of fractures.

SEM or X-Ray computed micro-tomography technics are not enough to well-define the aperture distribution of 
cracks because their aperture vary over several orders of magnitude (from µm to several mm) which is not ac-
cessible with these technics [1]. The 14C-PMMA (PolyMethMethylAcrylate) method was chosen to quantify the 
connected pore network distribution of samples ranging from 1 to 10 cm in size, and at a spatial resolution of pore 
aperture lower than μm [2]. This method is based on the total impregnation of connected pore space of materials 
with 14C-doped resin and allows detecting the connected crack network using autoradiography. An autoradiograph 
is a 2D scale but an estimate of the 3D crack network can be done and be relevant. To this purpose, a series of 
artificial cracks with a known aperture (ranging from 0 µm to 270 µm) were created [3]. These artificial samples 
are created between two glass plates spaced thanks to a mylar or Al-foil of varying thickness, imitating the desired 
aperture. Optical densities extracted from cracks on scanned autoradiographs are converted into activity profiles, 
allowing the determination of their aperture. 

This methodology was applied on cracks perpendicular to the autoradiographic surface, and then on cracks with 
different tilts to the autoradiographic surface because of the complexity in shape and inclination of cracks in natu-
ral materials. The next purpose of this work is to apply this methodology on natural and weathered samples and to 
establish a link between the mineralogy and porosity evolutions during weathering.

[1] Sardini, P., Siitari-Kauppi, M., Beaufort, D., & Hellmuth, K.H. (2006). On the connected porosity of mineral aggregates in crystalline 
rocks. American Mineralogist, 91(7), 1069-1080.

[2] Sardini, P., Kuva, J., Siitari-Kauppi, M., & Hellmuth, K.H. (2014). A simplified simulation approach for estimating crack aperture using 
14C-PMMA method. Journal of Coupled Systems and Multiscale Dynamics, 2(4), 244-255.

[3] Kuva, J., Hellmuth, K.H., Sardini, P., & Siitari-Kauppi, M. (2015). Verification of a simulation approach for estimating crack aperture 
using 14C-PMMA method. Journal of Coupled Systems and Multiscale Dynamics, 3(4), 333-340.
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ADSORPTION OF PRAZIQUANTEL IN LAYERED AND FIBROUS CLAY 
MINERALS 

a. borreGo-sánCHez (1,2)*, e. Carazo (2), C. viseras (1,2), C. aGuzzi (2), C.i. sainz-díaz (1)
(1) Instituto Andaluz de Ciencias de la Tierra, CSIC-UGR. Av. de las Palmeras 4, 18100 Armilla, Granada, Spain, (2) 
Department of Pharmacy and Pharmaceutical Technology, University of Granada, Campus de Cartuja s/n, 18071 Granada, 
Spain

Montmorillonite is a dioctahedral 2:1 phyllosilicate with one octahedral sheet and two tetrahedral sheets (T:O:T) 
per unit cell. A nanometer interlayer space exists between each triple-sheet-layer. These layers have isomorphic 
substitutions of Si by Al in the tetrahedral sheet and Al by Mg2+ in the octahedral layer. An important part of the 
physicochemical properties of montmorillonite depends on the isomorphic substitutions that confer a negative 
residual charge compensated by cations in the interlayer space. Therefore, montmorillonite has high adsorption, 
cation exchange capacity and swelling properties [1]. Majority of the adsorption-desorption phenomena will be 
carried out in the interlayer space of the clay mineral, where the interlayer cations play an important role.

Sepiolite is a non-planar phyllosilicate with fibrous morphology. The basal oxygen layer is continuous but the 
apical oxygens undergo a periodic inversion every 8 octahedral positions. This inversion causes a discontinuous 
octahedral layer forming long channels, where the organics can be adsorbed [2].

The exchange capacity of these minerals makes that it can be used to adsorb and release organic molecules, being 
good candidates for the design of modified release systems of drugs, such as praziquantel (PZQ) [3]. PZQ is the 
drug of first choice for an extended parasitic disease, Schistosomiasis, that worldwide affects 250 million people [4].

Complementary theoretical and experimental studies are being carried out to determine the effective possibilities 
of some clay minerals as nanomaterials for drug delivery purposes. In particular, interaction of different clay min-
erals with PZQ is being studied; correlating theoretical results with those obtain experimentally.

With these premises, adsorption of praziquantel in both clay minerals has been studied by computational meth-
odologies using atomistic calculations with force fields based on empirical interatomic potentials. The optimiza-
tion of the adsorption of PZQ in the montmorillonite interlayer and sepiolite channels were performed using the 
CVFFH force fields. Accordingly to the results, PZQ is likely to be adsorbed in the silicate surfaces.

Acknowledgements: this study was supported by the Projects RNM-1897 and CGL2016-80833-R and groups CTS-946 and RNM-363.

[1] Viseras C., Cerezo P., Sánchez R., Salcedo I., Aguzzi C. (2010). Current challenges in clay minerals for drug delivery. Applied Clay 
Science 48, 291-295. 

[2] Guggenheim S., Adams J.M., Bain D.C., Bergaya F., Brigatti M.F., Drits V.A., Formoso M.L.L., Galán E., Kogure T., Stanjek H. (2006). 
Summary of recommendations of nomenclature committees relevant to clay mineralogy: report of the Association Internationale pour 
l’Etude des Argiles (AIPEA) Nomenclature Committee for 2006. Clay Minerals 54, 761-772. 

[3] Borrego-Sánchez A., Viseras C., Aguzzi C., Sainz-Díaz, C.I. (2016). Molecular and crystal structure of praziquantel. Spectroscopic prop-
erties and crystal polymorphism. European Journal of Pharmaceutical Sciences 92, 266-275. 

[4] WHO, World Health Organization. Recovered February 2017, http://www.who.int/schistosomiasis/en/
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BIOPHARMACEUTICAL IMPROVEMENT OF PRAZIQUANTEL BY 
INTERACTION WITH MONTMORILLONITE
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(1) Instituto Andaluz de Ciencias de la Tierra, CSIC-UGR. Av. de las Palmeras 4, 18100 Armilla, Granada, Spain, (2) 
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Spain

Praziquantel (PZQ), is the drug of first choice for the treatment of the human schistosomiasis, a parasitic disease 
which currently affects 250 million people in 74 developing countries, with about a half million deaths per year 
[1]. PZQ is administered orally, requiring high doses to overcome adverse biopharmaceutical properties, including 
high lipophilia and intense hepatic first pass metabolism. According to its biopharmaceutical profile, praziquantel 
is classified as a Class II drug [2], with very low water solubility and high permeability. Therefore, dissolution is 
the limiting factor for absorption in the gastrointestinal tract. Improvement in aqueous solubility of the drug would 
reduce the currently high oral doses [3]. Consequently, complementary theoretical and experimental studies with 
praziquantel and low cost excipients are being carried out by our group [4], with the aim of improve the biophar-
maceutical profile of the drug without increase the final cost of the treatments.

Veegum HS® (VHS) is a pharmaceutical grade clay mainly constituted by montmorillonite, a clay mineral able to 
effectively interact with diverse drugs, modifying their bioavailability, and in some cases increasing drug solubil-
ity [5]. Therefore, VHS, with high adsorption and cation exchange capacity and swelling properties is a peculiar 
nanostructurated material potentially useful as a good nanocarrier to improve the solubility of lowly soluble drugs, 
as PZQ. 

With these premises, aim of this work was to carry out an experimental study of the interaction between prazi-
quantel and montmorillonite. Briefly, a known amount of the drug was dissolved in absolute ethanol and put in 
contact with the clay during time enough to ensure the adsorption equilibrium. Then, the solvent was evaporated 
and the resultant PZQ/VHS products characterized by X-ray Powder Diffraction, Differential Scanning Calorim-
etry, Thermogravimetric Analysis, Fourier Transform Infrared Spectroscopy and Scanning Electron Microscopy. 
Official dissolution test were then carried out both to determine the possible improvement in drug solubility and/
or drug dissolution profiles.

The results showed the effective loading of the drug in the interlayer of the clay mineral as well as the significant 
increase of dissolution rate of PZQ induced by the interaction with the montmorillonite.

Acknowledgements: this study was supported by the Projects RNM-1897 and CGL2016-80833-R and groups CTS-946 and RNM-363.
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COMPUTATIONAL STUDY OF THE ETHOMEEN SURFACTANT 
ADSORPTION IN PHYLLOSILICATES 
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Spain, (3) Institute of Natural Resources and Agrobiology (IRNAS-CSIC), Reina Mercedes 10. Apdo. 1052. 41080 Sevilla, 
Spain

Clay minerals, in particular smectites, are low cost materials being abundant in nature. Phyllosilicates have a na-
nometric interlayer space accessible to water molecules and other compounds. These interlaminar spaces represent 
about 90% of the mineral total surface yielding a high adsorption capacity for polar molecules. These properties 
make the phyllosilicates suitable for environmental applications, such as the retention of organics residues in soils, 
or their use as nanocarriers for controlled release of agrochemicals and also drugs [1,2]. 

Ethomeen T/15 is a widely used cationic surfactant. Ethomeen T/15 is an amphiphilic molecule that contains both 
a hydrophobic and hydrophilic part. In addition, surfactant allows preparing aqueous solutions with a high concen-
tration of substances immiscible or partially miscible with water, due to increase their solubilisation. Surfactant 
molecules can interact with the interlayer space of clays for improving the adsorbent properties of clays, enhancing 
the adsorption of organic molecules on the montmorillonite surface. Adsorption of Ethomeen T/15 surfactant on 
montmorillonite showed several loadings due probably to different arrangements within the interlayer space as 
determined by XRD and FTIR. However, the distribution of the surfactant molecules on the clay surface has still 
to be elucidated.

The aim of this work was to study the adsorption of the surfactant Ethomeen T/15 onto montmorillonite by com-
bining experimental data with molecular modeling. Specifically, molecular modeling calculations using force 
fields based on empirical interatomic potentials [3] have been applied to a montmorillonite model with several 
relative contents of this surfactant and water molecules within the interlayer space. Molecular Dynamics simula-
tions showed that the surfactant molecules are likely to be adsorbed in the interlayer space of montmorillonite as 
monolayers and bilayers.

Acknowledgements: this study was supported by the Projects RNM-1897 and CGL2016-80833-R and groups CTS-946 and RNM-363.
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ANTIBACTERIAL ACTIVITY OF LYSOZYME AND AMYLOID FIBRILS IN 
LAYERED DOUBLE HYDROXIDE NANOCOMPOSITES

zaineb bouaziz (1,2)*, laurenCe soussan (1), jean-marC janot (1), abdesslem ben Haj amara (2), 
sEBastiEn BaLmE (1)
(1) Institut Européen des Membranes, UMR5635 UM ENSM CNRS, Place Eugène Bataillon, 34095 Montpellier cedex 5, 
France, (2) Laboratoire de Physique des Matériaux Lamellaires et Nanomatériaux Hybrides, Faculté des Sciences de Bizerte 
Université de Carthage, Tunisie

On one hand, lysozyme has been extensively used for studies on adsorption protein. Indeed, it is inexpensive, 
globular, monomeric protein and often considered as a hard protein model [1]. On the other hand, lysozyme is a 
well-known antibacterial protein [2]. It also exhibits the ability to form amyloid fibrils at low pH, 75 °C temper-
ature. Actually, we systematically studied the adsorption kinetics of both native lysozyme and amyloid fibrils on 
LDH materials as well as their antibacterial activity.

These hybrid materials were characterized by X-ray diffraction and Fourier transform infrared spectroscopy, evi-
dencing that adsorption only occurs on the material external surface. Interestingly lysozyme keeps its antibacterial 
activity under amyloid form even if it is adsorbed on LHD, suggesting that the active site is not denatured and 
well oriented. This was confirmed by the Trp fluorescence lifetime characterization by time-resolved fluorescence 
spectroscopy [3]. The Trp lifetimes are indeed similar for native lysozyme and amyloid fibrils either in solution or 
adsorbed on LDH.

Keywords: Layered double hydroxide (LDH), Lysozyme, Amyloid fibrils, Adsorption, Fluorescence and Antibacterial activity. 
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REMOVAL OF Pb(II) FROM LIQUID EFFLUENTS USING RAW AND ACID-
ACTIVATED ALGERIAN CLAYS AS ADSORBENTS. A CASE STUDY OF 
WASTEWATER TREATMENT
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Technologie Houari Boumediene (U. S. T. H. B.), B.P.: 32, El-Alia, Bab-Ezzouar, Alger 16111, Algeria 
*maboufatit@yahoo.com ; mboufatit@usthb.dz

In this study, samples of raw Algerian clay materials were acid-activated (0.5M HCl). The characteristics were 
obtained by FTIR, XRF, XRD and SEM. Batch experiments were conducted to assess the removal of Pb(II) ions 
from effluent discharged from production process of batteries as an industrial liquid effluents and aqueous systems 
using the raw clay and acid-activated clay materials as adsorbents under different conditions. The effect of factors 
including pH, contact time and amount of clay on the adsorption properties of Pb(II) were investigated at T= 25 
˚C. The optimum parameters of our study obtained were pH values range: 5 - 6, mass of acid-activated clay: 1g 
and 12g, shaking time:1h and initial concentration of metal ions:10mg.L-1 in aqueous systems and varying in liquid 
wastes. The obtained results revealed that the removal percentages of Pb (II) ions, from both aqueous solution 
and liquid wastes, were varying between 90% and 98% for 40 min of contact time and optimal pH values ranged 
from 5 to 6. The sorption process was examined in terms of its equilibrium and kinetics. The adsorption kinetics 
fitted well with the pseudo-second order model because of its correlation coefficients (0.99) and good agreement 
between qe and qexp.



Scientific Research Abstracts
Vol. 7, p. 99, 2017
ISSN 2464-9147 (Online)
XVI International Clay Conference | ICC 2017 | Granada, Spain
© Author(s) 2017. CC Attribution 3.0 License

ASSESSMENT OF ADSORPTION BEHAVIOUR OF INORGANIC 
POLLUTANTS IN AQUEOUS SYSTEMS BY USING NEW ALGERIAN CLAY 

mohammEd-azizi FEttouma, athman souad, BouFatit makhLouF*
Laboratoire d’Electrochimie-Corrosion, Métallurgie et Chimie Minérale, Faculté de Chimie, Université des Sciences et de la 
Technologie Houari Boumediene (U. S. T. H. B.), B.P.: 32, El-Alia, Bab-Ezzouar, Alger 16111, Algeria 
*maboufatit@yahoo.com ; mboufatit@usthb.dz

A new sorbent, a natural Algerian material clay from Meniaa (Ghardaia, S. Algeria) has been chemically treated 
and characterized by XRD, XRF, SEM and FT-IR spectroscopy. This new sorbent material clay was used as adsor-
bent for removing heavy metal ions such Pb(II), Ni(II), Cu(II) and Zn(II) from aqueous solutions by mean of batch 
experiments. The sorption process was examined in terms of its equilibrium and kinetics. The best fit was obtained 
with the pseudo-second order, in the pH range 5 - 6, for the metal ions considered using adsorption method. 

Keywords: Natural Algerian clay, XRD, XRF, SEM, FT-IR, Removal, Heavy metal ions, Kinetic
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INTERACTION OF AMMONIUM WITH BIRNESSITE: EVIDENCE OF A 
CHEMICAL AND STRUCTURAL TRANSFORMATION

Hella boumaiza (1,2,3)*, romain Coustel (2), CHristian ruby (2), latifa berGaoui (1,3)
(1) Laboratoire de Chimie des Matériaux et Catalyse, Faculté des Sciences de Tunis, Université Tunis El Manar, Tunisia, 
(2) Laboratoire de Chimie Physique et Microbiologie pour l’Environnement (LCPME)-UMR 7564, CNRS-Université de 
Lorraine, 405 rue de Vandoeuvre, 54600 Villers-lès-Nancy, France, (3) Département de Génie Biologique et Chimique, 
Institut National des Sciences Appliquées et de Technologies (INSAT), Université de Carthage, Tunis, Tunisia

In the last decade, some studies showed disparities in the mass balance between measured rates of denitrification 
and NO3

- production in Mn-rich media [1-5]. It has been suggested that in addition to existing coupled bacterial 
nitrification-denitrification and anammox processes, the conversion of combined nitrogen to dinitrogen might take 
place via chemical process [6,7]. In this study we examined the interaction of a manganese oxide, i.e. birnessite, 
with NH4

+ by monitoring the solid phase transformation and the species present in solution.

Birnessite is a class of layered manganese oxide widely studied for its ion-exchange properties suitable for battery 
application. In addition, it has been shown that birnessite is involved in redox reactions in environmental conditions 
(oxidation of Fe(II) or Cr(III)). In this work we synthesised birnessite by reacting MnO4

- and Mn2+ under alkaline 
conditions [8] and the product was characterized. The chemical reactivity of birnessite toward NH4

+ was studied in 
relation to solution pH, contact time and ammonium concentration. Our results showed that birnessite is not mere-
ly a cationic exchanger toward NH4

+ as it was previously assumed [9] but modifications to the mineral occur in the 
adsorption process. Depending on ammonium concentration and on the contact time, the structure of the solid and 
the average oxidation state of the manganese changed. The Infrared and XRD studies show that birnessite structure 
transformation from triclinic to hexagonal symmetry occurred even in alkaline medium. Moreover, monitoring 
NH4

+ removal and total content of nitrogen in the solid showed a nitrogen defect. These observations suggest that 
a redox reaction took place between birnessite and NH4

+ inducing chemical and structural solid transformations. 
Indeed, there was not only a change in the symmetry of the birnessite structure but also an increase in the average 
oxidation state of the manganese accompanied by a decrease of the measured cationic exchange capacity.

[1] R. C. Aller. “Bioturbation and manganese cycling in hemipelagic sediments,” Philos. Trans. R. Soc. A, vol. 331, pp. 51-68, 1990.
[2] H.D. Schulz, A. Dahmke, U. Schinzel, K. Wallmann, and M. Zabel. “Early diagenetic processes, fluxes, and reaction rates in sediments 

of the South Atlantic,” Geochim. Cosmochim. Acta, vol. 58, no. 9, pp. 2041-2060, 1994.
[3] B. M. Tebo. “Manganese(II) oxidation in the suboxic zone of the Black Sea,” Deep Sea Res. Part A. Oceanogr. Res. Pap., vol. 38, no. 1, 

pp. S883-S905, 1991.
[4] J. Sorensen, K.S. Jorgensen, S. Colley, D.J. Hydes, J. Thomson, and T.R.S. Wilson. “Depth localization of denitrification in a deep-sea 

sediment from the Madeira abyssal plain,” Limnol. Oceanogr., vol. 32, no. 3, pp. 758-762, 1987.
[5] L. a Codispoti et al.. “The oceanic fixed nitrogen and nitrous oxide budgets : Moving targets as we enter the anthropocene?,” Sci. Mar., 

vol. 65, no. 2, pp. 85-105, 2001.
[6] G.W. Luther, B. Sundby, B.L. Lewis, P.J. Brendel, and N. Silverberg. “Interactions of manganese with the nitrogen cycle: Alternative 

pathways to dinitrogen,” Geochim. Cosmochim. Acta, vol. 61, no. 19, pp. 4043-4052, 1997.
[7] S. Hulth, R.C. Aller, and F. Gilbert. “Coupled anoxic nitrification/manganese reduction in marine sediments,” Geochim. Cosmochim. 

Acta, vol. 63, no. 1, pp. 49-66, 1999.
[8] H. Boumaiza, R. Coustel, G. Medjahdi, C. Ruby, and L. Bergaoui. “Conditions for the formation of pure birnessite during the oxidation 

of Mn(II) cations in aqueous alkaline medium,” J. Solid State Chem., vol. 248, no. January, pp. 18-25, 2017.
[9] L. Al-Attar, and A. Dyer, “Ion exchange in birnessite,” vol. 15, no. 4, 2007.
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CHARACTERISTICS AND INDUSTRIAL APPLICATION OF THE 
LOWER CRETACEOUS CLAY DEPOSITS (BOUHEDMA FORMATION), 
SOUTHEAST TUNISIA: POTENTIAL USE FOR THE MANUFACTURING 
OF CERAMIC TILES AND BRICKS

slim boussen (1,3)*, dalel sGHaier (1), fredj CHaabani (1), bassem jamoussi (2), ali bennour (3) 
(1) Laboratoire de Ressources Minérales et Environnement, Université de Tunis El Manar, Faculté des Sciences de Tunis, 
Département de Géologie, Campus Universitaire, 2092 Tunis, Tunisia, (2) Laboratoire Central d’Analyses et d’Essais, 1, 
Avenue Mohamed El Melki, El Omrane 1005, Tunis, Tunisia, (3) Industrial Rocks and Useful Substances Direction, National 
Office of Mines, Charguia I 3023, Tunisia

The assessment of the possible applications of the Lower Cretaceous clays, belonging to the Bouhedma Formation, 
as raw materials in ceramic applications, was performed on the basis of the mineralogical, chemical, thermal and 
physical properties. The characterization was carried out by Atomic Emission Spectrometry (ICP-AES), X-ray 
diffraction (XRD) and Thermogravimetric-Differential Thermal Analysis (TG-DTA) techniques. Physical proper- 
ties were determined by specific surface area, particle size distribution, dilatometry and consistency limits. The 
data showed that these materials were composed of illite, kaolinite, and chlorite and mixed layered clay minerals 
in variable amounts. Quartz, feldspars and dolomite were also detected. The plasticity presented a medium value; 
suggesting that these clays are plastic. The firing shrinkage and the expansion were limited. Mixtures of clays were 
prepared from the Bouhedma clays, and heated to the desired temperature to obtain different earthenware products. 
Semi-industrial processed mini-bricks revealed promising characteristics and were visibly free of defects. Ceramic 
tiles had a bending strength complying with the required standards. Therefore, the technological properties of the 
investigated deposits make the Bouhedma clays suitable for the production of high-quality common bricks.

Keywords: Zemlet El Beidha Cretaceous clays Technological properties Ceramic applications.
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THE PHYSICAL AND MECHANICAL BEHAVIOR OF MASONRY BRICKS 
CONTAINING CALCINED HYDROXIDE SLUDGES WASTES

nedjima bouzidi (1)*, souad kHerbaCHe (2), salima CHebbi (1), aissou siHam (1), abdelkader 
tahakourt (2)
(1) Materials Technology Laboratory of Process Engineering (LTMGP), Department of Technology, University of Bejaia, 
Targua Ouzemmour Road (06000) Bejaia, Algeria, (2) Laboratory of Construction Engineering and Architecture, Department 
of Technology, University of Bejaia, Algeria 
*nedjima.bouzidi@univ-bejaia.dz

A promising strategy for effectively incorporating metal oxide waste materials (calcined hydroxide sludges wastes 
(CHS)) into a variety of building materials was examined in this study. Elemental analysis confirmed that chro-
mium, zinc and copper were the predominant metal components in the collected hydroxide sludges. These wastes 
produced from the unit of cutlery were calcined at 600 °C then mixed with clay to form bricks. The bricks were 
manufactured using conventional processes. The influence of the amount of CHS (5, 10, 15 and 20%) was eval-
uated after firing the mixtures at 950 °C for 1 h. The influence of the CHS addition on the linear shrinkage, water 
absorption, bulk density and open porosity was investigated. Open porosity decreases from 39% with 0% of CHS 
to 32% with 20% of calcined waste. Moreover, the incorporation of the CHS into the clay mix clearly decreased 
the linear shrinkage and the water absorption. The compressive strength decreased by a maximum of 10 wt% of 
CHS giving a value of 33 MPa. The evaluation of the release of various chemical species (Cr3+, Zn2+ and Cu2+) 
contained in the fired bricks by a leaching test indicates successful stabilization of the pollutants.

Keywords: Calcined hydroxide sludges, Bricks, Mechanical properties, Environment, Benificiation.
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STUDY OF MICROSTRUCTURE AND MECHANICAL PROPERTIES OF 
HALLOYSITE-KAOLINITE/BACO3 CERAMIC COMPOSITES

nedjima bouzidi (1)*, djoudi merabet (1), rapHael oliveira nunes (2)
(1) Materials Technology Laboratory of Process Engineering (LTMGP), Department of Technology, University of Bejaia, 
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The objective of this work is to study the microstructure and mechanical properties of ceramic composites based 
on kaolin naturally rich in kaolinite and halloysite (Djebel Debbagh, northeastern Algeria) associated at various 
weight ratios of BaCO3 (0, 30, 40 and 60 wt% ). The ceramic composites where elaborated by high-energy ball 
milling and sintered at two different temperatures (1100 °C and 1200 °C) during 3 hours. The results show that 
the intensity of the (001) peak of kaolinite and halloysite diminished as the amount of BaCO3 is increased. When 
sintered at 1200 °C without the addition of BaCO3 the material is composed mainly of mullite, whereas this phase 
disappears when BaCO3 is added. XRD of the samples shows that they were mainly composed by hexacelsian 
(BaAl2SiO6 and BaAl2Si2O8) when sintered at 1100 and 1200 °C, however, when the amount of BaCO3 exceeds 50 
wt% these two phases disappear in favor of apparition of barium aluminum and barium silicate phases. Porosity of 
the sintered samples increases with BaCO3 contents. The microhardness was found to be affected when porosity of 
the samples is enhanced. However, when the amount of BaCO3 is 30 wt%, porosity of composites decreases from 
0,7 to 0.1% and the microhardness increases from 7 to 8 GPa respectively at 1100 and 1200 °C. The improvement 
of the mechanical properties was directly related to the amorphous phase content.

Keywords: Halloysite, Kaolinite, Barium carbonate, Hexacelsian, Mechanical properties.
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AGE, DURATION AND ORIGIN OF SKARN TYPE IRON 
MINERALIZATION, BIZMISEN-ERZINCAN, EAST-CENTRAL TURKEY: 
CONSTRAINTS FROM CLAY MINERALS

Ömer bozkaya (1)*, GülCan bozkaya (1), Hüseyin yilmaz (2), deniz Hozatlioğlu (3), david a. 
banks (4), adrian j. boyCe (5)
(1) Department of Geological Engineering, Pamukkale University, 20070 Denizli, Turkey, (2) Department of Geophysical 
Engineering, Cumhuriyet University, 58140 Sivas, Turkey, (3) Department of Geological Engineering, Cumhuriyet 
University, 58140 Sivas, Turkey, (4) School of Earth and Environment, University of Leeds, LS2 9JT Leeds, UK, (5) Scottish 
Universities Environmental Research Centre, East Kilbride, G75 0QF, UK

In east-central Turkey, Paleocene-Eocene (42-46 Ma) [2] plutonic rocks (diorite, quartz diorite) were intruded into 
Triassic-Cretaceous limestones and Upper Cretaceous ophiolitic rocks producingskarns, (garnet, diopside, epidote, 
scapolite and tremolite), iron mineralization and clay-bearing alteration zones (argillic alteration). The Bizmişen 
skarn-type iron deposit is one of the major operating mines in this region of Turkey [1]. Clay/phyllosilicate-bearing 
rocks and separated clay mineralswerestudied by textural (optical and electron microscopy), mineralogical (X-ray 
diffraction) and geochemical (major/trace elements, stable and radiogenic isotopes, ICP-MS) methods. Hydro-
thermally alteredrocks contain mainly quartz, calcite, dolomite, feldspar and clay/phyllosilicate minerals. Clay/
phyllosilicate minerals comprise dioctahedral (smectite, kaolinite, mixed-layered illite smectite/I-S andillite) and 
trioctahedral (vermiculite, serpentine/chrysotile, talc and chlorite) composition. Na- and Ca-smectite and kaolinite 
are developed at diorite-limestone contact and within the diorite body. However, at the diorite-ophiolite contact the 
alteration mineralogy consists of vermiculite, serpentine/chrysotile, talc and chlorite were, indicating the distribu-
tions of clay/phyllosilicate mineral composition are influenced primarily by the host-rock composition. Kaolinite 
and I-S (I75-S25, R1 ordering) have 1M (one-layer monoclinic) and 1Md (one-layer monoclinic, disordered) poly-
types, respectively, indicating low-temperature (< 200 ºC) conditions. Optical and electron microscope dataof ka-
olinite, smectite and I-S indicate completely hydrothermal (neo-formation) origin without any detrital input. Major 
and trace element compositions of smectite, kaolinite and I-S have a composition between diorite and ophiolite, 
but relatively close to diorite composition. Chondrite-normalized rare earth element (REE) data of clays show dis-
tinct enrichments with respect to chondrite, increasing from kaolinite (5-10 times) to smectite (10-100 times), to-
gether with the decreasing temperature conditions. Stable isotope data (δ18OV-SMOW and δDV-SMOW) of clay minerals 
indicate 100-200 ºC for smectite, in the supergene or low-grade argillic zone, whereas in excess of 200 ºC for I-S 
and kaolinite, in the hypogene or high-grade argillic zone. Fluids in isotopic equilibrium with the measured values, 
using the average values for fluid-inclusion homogenization temperatures [4], indicate magmatic waterdominance. 
This magmatic association is further reflected in calculated fluid δ18O and δD data in quartz, δ13C and δ18O data 
of calcite and δ34SV-CDT data of pyrite and chalcopyrite, all of which reflect a strong magmatic influence which are 
also indicative of magmatic source. Ar/Ar total gas age data of I-S samples are consistent with argillic alteration 
starting in the Upper Eocene, 10 Ma after the plutonic intrusion, and continuedto the uppermost Oligocene, with 
duration of approximately 12 Ma. The data show that hydrothermal clays were formed from magmatic fluids in a 
hydrothermal system that persisted for an extended period well after the intrusion of the igneous body, thus perhaps 
constraining how long hydrothermal systems are required operate to produce major areas of mineralization.

This study is supported by the Turkish Research Fund (TUBITAK Project No 113Y576).
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FIRST DISCOVERY OF LATE DEVONIAN-EARLY CARBONIFEROUS 
K-BENTONITES IN CENTRAL TAURIDES, SOUTHERN TURKEY
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(1) Department of Geological Engineering, Pamukkale University, 20070 Denizli, Turkey, (2) Department of Geological 
Engineering, Middle East Technical University, 06531 Ankara, Turkey, (3) Department of Geological Engineering, Selçuk 
University, 42250 Konya, Turkey, (4) Graduate School of Sciences, Pamukkale University, 20070 Denizli, Turkey

Five thin (5-15 cm) and yellowish green tephra (K-bentonite) layers are exposed within the Late Devonian-Early 
Carboniferous red dolomite-dolomitic limestone succession of the Aladağ Unit (northerly allochthonous unit of 
Tauride Belt) in southern Turkey. K-bentonite layers are discovered in the Engilli and Harlak areas, located at 10 
km southeast of Akşehir district (Konya). The aim of the study is to determine mineralogical and geochemical char-
acteristics and to interpret the magmatic originand diagenetic history. In this context, K-bentonite and host-rock 
samples are studied by optical and scanning electron microscopy (SEM), X-ray diffraction (XRD) and Inductively 
Coupled Plasma-Mass Spectrometer (ICP-MS) methods. The host rocks are characterized by coarse-crystalline 
dolomite and calcite crystals with mosaic texture indicating high-grade diagenetic/very low-grade metamorphic 
progress. K-bentonites exhibit typical porphyritic texture with euhedral plagioclase phenocrystals (pseudomorph) 
replaced by fine-grained white K-micas (i.e., sericite) and sparrydolomite crystals. Volcanic matrix has vitrophyric 
texture and contains hydroxidized (limonitized) euhedral pyrite crystals.

Illite is the single clay mineral in all K-bentonite samples, as non-clay minerals; dolomite, calcite, quartz, pyrite 
and zircon are found. Illites have leaf-like flakes (1-4 µm sizes) showing well-developed orientations and slaty 
cleavage. Kübler index [1] values (KI, Δ°2θ) of illites reflect high-grade diagenesis for Engilli area, whereas 
anchizoneconditions indicative for temperatures up to 200 °C [2] are identified for Harlak area. The swelling (or 
smectite) component (<3%) and crystallite size (N = 10-90 nm) values of illites in K-bentonites from both areas 
are also compatible with KI data. Illite d060 values (1.4990-1.5007 Å) correspond to a range of octahedral Mg+Fe 
values of 0.27-0.35 atoms per formula unit (the composition between muscovite and phengite end-members). Il-
litepolytypes are characterized by the association of 2M1 (30-45%), 1M (13-53) and 1Md (17-55%). The dominance 
of 1Millites despite anchi-epizonal conditions is also indicative for volcanic origin [3]. 

Immobile element compositions of K-bentonites suggest that tephras have been derived from trachyandesitic vol-
canism for Engilli area, from rhyodacite/dacite composition for Harlak area. Both occurrencesare completely 
different fromLate Devonian-Early Carboniferous K-Bentonites from Northwestern Turkey [4,5]. Chondrite-nor-
malized rare earth element (REE) distributions of K-bentonites have negatively sloping curves and exhibit an 
enrichment of light rare earth elements. However, the tephras of the Harlak area are relatively more enriched than 
tephras of the Engilli area. The negative Eu anomaly, related to the removal of Eu by plagioclase fractionation 
in the source melt, is observed in both areas. Mineralogical-chemical data point out that K-bentonites evolved in 
anchizonal conditions (approximately 200 °C) from the products of volcanic eruptions of disputed sources and 
distances during the Late Devonian time, possibly related to Variscan orogeny in Europe.

This study is supported by the Turkish Research Fund (TUBITAK Project No 114Y651).
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ORGANIC MATTER REFLECTANCE AND CLAY MINERALOGICAL 
EVIDENCES FOR OROGENIC EVENTS: EXAMPLES FROM VERY 
LOW-GRADE METAMORPHIC SEQUENCES IN SOUTHERN AND 
NORTHWESTERN TURKEY
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Diagenetic to very low-grade metamorphic characteristics of the Palaeozoic sedimentary rocks of tectonostrati-
graphic units from northern (Istanbul-Zonguldak Terrane, IZT) and southern (Geyikdağı Unit, GDU of the Tau-
rides) Turkey were investigated by textural-mineralogical and organic petrographic methods. In this context, tex-
tural (fabric), mineralogical (clay mineral associations, illite Kübler Index (KI), polytype, b-cell dimension) and 
organic matter (vitrinite, vitrinite like solid bitumen, bitumen and graptolite) reflectance (OMR) studies were 
performed on the organic matter-rich samples and correlated with each other. OMR values indicate bituminous 
coal to anthracite (%Rmax = 0.67 to 3.61) for Silurian-Carboniferous sequence from IZT. Mean bireflectance (Δ%R-
max/Rmin) values of Silurian units (0.62-1.37) are anomalously higher than those of Devonian units (0.067-0.11), 
indicating higher tectonic impact for pre-Devonian units and therefore diagenetic/metamorphic hiatus between 
Silurian and Devonian rocks. The same was previously confirmed by KI and b-cell dimension data of illites [1]. 
In the GDU, OMR values (%Rmax) from Permian samples of the high volatile bituminous coal stage increase from 
1.02%, (according to KI = low-grade diagenesis) to 6.05%Rmax of the anthracite/meta-anthracite stage in Ordovi-
cian samples (according to KI = anchizone/epizone). Δ%Rmax/Rmin values increase with increasing OMR values 
from 0.066 (Permian) to 4.33 (Ordovician), reflecting higher strain and probably pressure conditions towards 
older units. The temperature conditions, roughly estimated through vitrinite reflection data with a simple model 
[2] critical discussed [4,5], correspond to 150 ºC for Permian and 335 ºC for Ordovician rocks. OMR values in-
crease together with increasing temperature and pressure toward older units, in accordance with textural (fabric) 
and mineralogical (KI, polytype, b-cell dimension) data. According to KI and OMR%Rmax values of 3.7 and 5.6 
grade of metamorphism corresponds to the diagenesis-anchizone and anchizone-epizone boundaries, respectively. 
These values are close to values of 3.0 and 6.0 as proposed by [4,5]. OM bireflectance values increase in the sam-
ples with anthracitic stage, and reach their maximum in samples with slaty cleavages. The temperature difference 
determined for Permian and Ordovician units points to high geothermal gradients of 50-55 ºCkm-1 for a 3500 m 
thick succession. Contrary discontinuous maturity detected by OM studies (sudden changes in OMR) along the 
sedimentary sequence indicates older orogenic events in the stratiform older sedimentary section and a diagenetic/
metamorphic jump reflecting a sedimentary hiatus [1,3]. The obtained data show that the new organic petrographic 
study corroborates clay mineral and facies critical mineral results to elucidate the thermo-tectonic history. Both, 
organic and inorganic data are important for a better determination of the geological evolution of old and thick 
sedimentary sequences and increasing the probability of the thermal model adapted [4].

This study is supported by the Turkish Research Fund (TUBITAK Project No 115Y420).

[1] Bozkaya Ö., Yalçın H., Göncüoğlu M.C. (2012). Mineralogic evidences of a mid-Paleozoic tectono-thermal event in the Zonguldak ter-
rane, NW Turkey: implications for the dynamics of some Gondwana-derived terranes during the closure of the Rheic Ocean. Canadian 
Journal of Earth Sciences, 49, 559-575. 

[2] Barker Ch.E., Pawlewicz M.J. (994). Calculation of Vitrinite Reflectance from Thermal Histories and Peak Temperatures. A Comparison 
of Methods. In: Vitrinite Reflectance as a Maturity Parameter; Mukhopadhyay, P., et al.; ACS Symposium Series, No: 570; American 
Chemical Society, Washington, DC.

[3] Bozkaya Ö., Yalçın H., Göncüoğlu, M.C. (2002). Mineralogic and organic responses to the stratigraphic irregularities: An example from 
the Lower Paleozoic very low-grade metamorphic units of the Eastern Taurus Autochthon, Turkey. Schweizerische Mineralogische und 
Petrographische Mitteilungen, 82, 355-373.

[4] Ferreiro Mählmann, R., Bozkaya, Ö., Potel, S., Le Bayon, R., Nieto, F. (2012). The pioneer work of Bernard Kübler and Martin Frey in 
very low-grade metamorphic terranes: paleo-geothermal potential of variation in Kübler-Index/organic matter reflectance correlations. A 
review. Swiss Journal of Geosciences, 105, 121-152.

[5] Ferreiro Mählmann, R., Le Bayon R. (2016). Vitrinite and vitrinite like solid bitumen reflectance in thermal maturity studies: Correlations 
from diagenesis to incipient metamorphism in different geodynamic settings. International Journal of Coal Geology, 157, 52-73.
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BEHAVIOR OF TALC AND MICA IN COPPER FLOTATION 
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The University of Queensland, Brisbane, QLD 4068, AUSTRALIA 

Talc and mica are major gangue minerals. Talc is naturally hydrophobic and therefore it is easily floatable. There 
have been many studies to overcome this problem and depress talc with various reagents. However very little 
know about the source of its deleterious effect in flotation. In this work, the effect of talc on the flotation of a copper 
ore was studied and the mechanisms and critical concentration is discussed. It was found that talc affect the copper 
flotation mainly via froth phase. The copper grade and recovery are both affected in the presence of only 7% talc. 
On the other hand, muscovite (a mica type clay) affects the pulp phase via affecting the pulp rheology. The copper 
flotation grade is reduced in the presence of relatively high amount (i.e. 30%) of muscovite due to the entrainment, 
but its effect on the copper recovery is negligible. 

[1] Farrokhpay, S, Ndlovu, B, Bradshaw, D, 2016, Behavior of swelling clays versus non-swelling clays in flotation, Minerals Engineering, 
96-97:59-66.

[2] Ndlovu, B, Farrokhpay, S, Bradshaw, D, 2013, The effect of phyllosilicate minerals on mineral processing industry, International Journal 
of Mineral Processing, 125: 149-156.
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CLAY POLYMER COMPOSITES FOR SUSTAINED RELEASE, 
ANTIMICROBIAL WOUND DRESSINGS

chris BrEEn (1)*, Francis cLEgg (1), nEiL BrickLEBank (2), LouisE FrEEman-parry (2), kEith miLLEr 
(2), lukas petra (3)
(1) Materials and Engineering Research Institute, Sheffield Hallam University, Sheffield, S1 1WB, UK, (2) Biomolecular 
Sciences Research Centre, Sheffield Hallam University, Sheffield, S1 1WB, UK, (3) Institute of Inorganic Chemistry, Slovak 
Academy of Sciences, Bratislava, Slovakia

Wound infections are a very common healthcare problem and can lead to significant morbidity and mortality. 
Historically, antimicrobial agents such antiseptics, disinfectants, topical and systemic antibiotics have been used 
to treat wounds. The use of many of these agents has declined due to concerns about antimicrobial efficacy and 
potential toxicity to wound tissue. Routine use of topical and systemic antibiotics to treat wound infection is not 
usually recommended because of the risk of developing bacterial resistance.

The novel wound dressing material described here is based on a polymer-clay composite, which exhibits a signifi-
cant advantage in that it shows a gradual and sustained release of the antimicrobial agent over 5-7 days, whereas its 
release from comparative dressings is complete within 24 hours [1]. The material has demonstrated in vitro activity 
against a range of common bacteria including Staphylococcus Aureus (S. aureus), Escherichia Coli (E. Coli), and 
Pseudomonas Aeruginosa (Pseudo A.), extending for up to 7 days. The clay composite dressing was most effective 
against Staphylococcus Aureus so it was tested against Methicillin Resistant Staphylococcus Aureus (MRSA), 
an ongoing challenge to the UK’s National Health Service (NHS). The dressing were shown to be active in vitro 
against two strains of hospital acquired MRSA and a strain of community acquired MRSA. The dressing continues 
to kill MRSA for at least 5 days, which is an extremely useful result. The longer lived activity offers the potential 
to reduce costs to the NHS and to provide immediate and longer-lived treatment, to those injured as a result of 
disasters in remote locations.

The longer term kill data was obtained by transferring a given dressing to a new microbe-laden agar after each 
24 hour period - known as a passage test. A particularly common feature of the activity observed, against all the 
pathogens tested, was that the maximum effectiveness was not immediate but peaked at 48 hours. 

In this contribution, the influence of different amounts (≤ 20 wt%) of a commercially available bentonite of high 
purity, selected exchange cations (Na+- or Ca2+-) and a synthetic hectorite, Laponite® (Registered trademark of 
BYK Additives) on the nature of the time/kill studies will be presented and discussed.

[1] Breen C., Clegg F., Bricklebank, N., Freeman-Parry L., Miller K., An antimicrobial material. UK Patent Application GB1504305.2.
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OPTICALLY ANISOTROPIC COATINGS MADE BY ENCAPSULATING 
DYES IN CLAY DOUBLE STACKS
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Chemistry, University of Toronto, M5S 3H6 Canada 
*josef.breu@uni-bayreuth.de

The strict alternation of two different types of interlayer cations in layered materials, e.g. layered silicates, is called 
ordered interstratification and represents an ordered one dimensional (1D) heterostructure. These can be utilized 
as a system with two separated nanoreactors [1] or can be further processed to giant Janus platelets [2] or double 
stacks for the oriented encapsulation of organic molecules.[3] 

For synthetic Na-hectorites with superb homogeneity of the charge density,[4] the 1D heterostructures represent 
the thermodynamic product of a partial cation exchange e.g. of a cationic dye, and can thus be made quantitatively 
with high precision: Due to the pronounced differences in basal spacings of hydrated Na+- and dye-interlayers, the 
dominant Coulomb attraction between positive interlayer and negative silicate layer strongly favours segregation 
of the organic cations into separate, highly hydrophobic interlayers. The segregated densely packed dye interlayers 
will, however, have a charge density deviating from the charge density of the clay host. According to Pauling’s 
rules, in ionic crystals (and an intercalation compound represents a one-dimensional ionic crystal) electroneutrality 
has to be achieved by local charge compensation. Thus, once nucleation has started with the first densely packing 
dye-interlayer, a local charge balance can only be realized by arranging a higher Na+-cation density in both adja-
cent interlayers. This way a single exchanged interlayer can act as a nucleus for an 1D ordered domain eventually 
stretching over the complete stack [1,5,6].

Here we present a 1D heterostructure of a fluorescent stilbazolium dye and Na+ made according to the sketched 
route. Addition of water selectively delaminates the heterostructure along the Na+ interlayers by osmotic swelling 
[7] while the dye interlayers remain unaffected. As a result, an aqueous suspension of well dispersed clay double 
stacks is obtained with highly hydrophobic organic molecules sandwiched in between two, one nanometer thick, 
silicate layers. This approach not only allows for dispersion of hydrophobic molecules in water, but also improves 
the chemical, photochemical and thermal stability of organic dyes. Surprisingly, encapsulation of the dye increases 
the quantum yield compared to the bromide salt of the dye. Moreover, the confined space of the interlayer, forces 
fluorescent molecules into an ordered orientation between the layers leading to the polarized emission of light [8]. 
Due to their huge aspect ratio (>1000), the double stacks can be compounded into polymer matrices and assembled 
into textured films on planar substrates. Polarized UV/Vis spectra indicate that the optical anisotropy and thus the 
orientation of the dye are preserved in the films. This might be applicable in organic solar cells, where the con-
trolled arrangement of molecules is of great importance.

[1] Stöter M., Biersack B., Reimer N., Herling M., Stock N., Schobert R., Breu J. (2014). Ordered Heterostructures of Two Strictly Alternat-
ing Types of Nanoreactors. Chem. Mater., 5412-5419.

[2] Stöter M., Gödrich S., Feicht P., Rosenfeldt S., Thurn H., Neubauer J.W., Seuss M., Lindner P., Kalo H., Möller M., Fery A., Förster S., 
Papastavrou G., Breu J. (2016). Controlled Exfoliation of Layered Silicate Heterostructures into Bilayers and Their Conversion into Giant 
Janus Platelets. Angew. Chem. Int. Ed., 7398-7402.

[3] Stöter M., Biersack B., Rosenfeldt S., Leitl M.J., Kalo H., Schobert R., Yersin H., Ozin G.A., Förster S., Breu J. (2015). Encapsulation of 
Functional Organic Compounds in Nanoglass for Optically Anisotropic Coatings. Angew. Chem. Int. Ed., 4963-4967.

[4] Stöter M., Kunz D.A., Schmidt M., Hirsemann D., Kalo H., Putz B., Senker J., Breu J. (2013). Nanoplatelets of sodium hectorite showing 
aspect ratios of ≈20,000 and superior purity. Langmuir, 1280-1285.

[5] Möller M.W., Hirsemann D., Haarmann F., Senker J., Breu J. (2010). Facile Scalable Synthesis of Rectorites. Chem. Mater., 186-196.
[6] Stöter M., Rosenfeldt S., Breu J. (2015). Tunable Exfoliation of Synthetic Clays. Ann. Rev. Mater. Res., 129-151.
[7] Rosenfeldt S., Stöter M., Schlenk M., Martin T., Albuquerque R.Q., Förster S., Breu J. (2016). In-Depth Insights into the Key Steps of 

Delamination of Charged 2D Nanomaterials. Langmuir, 10582-10588.
[8] Kunz D.A., Leitl M.J., Schade L., Schmid J., Bojer B., Schwarz U.T., Ozin G.A., Yersin H., Breu J. (2015). Quasi-epitaxial Growth of 

[Ru(bpy)3]2+ by Confinement in Clay Nanoplatelets Yields Polarized Emission. Small, 792-796.
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FROM CLAY POWDERS TO LIQUID CRYSTALLINE PHASES
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Delamination is a key step to obtain individual layers from inorganic layered materials needed for fundamental 
studies and applications [1,2,3]. For layered van der Waals materials such as graphene, the adhesion forces are 
small, allowing for mechanical exfoliation, whereas for ionic layered materials such as layered silicates, the energy 
to separate adjacent layers is considerably higher. Quite counter intuitively, we show for a synthetic layered silicate 
(Na0.5-hectorite) that a scalable and quantitative delamination in water by simple hydration is possible for high 
and homogeneous charge density, even for aspect ratios as large as 20000 [4,5,6]. The superb and homogeneous 
intracrystalline reactivity of this hectorite allows for subsequent step-wise hydration by simply adding increasing 
amounts of water to the as synthesized powder.

In conclusion we show that the delamination of charged layers requires that the layer separation exceeds the 
Gouy-Chapman length (h>2lGC) such that interactions between adjacent layers become repulsive, leading to os-
motic swelling. In the electrostatically attractive regime (h ~lGC) layer separation occurs by discrete hydration 
steps. During initial steps of osmotic swelling the classical double layer structure consisting of an inner and outer 
Helmholtz plane followed by a diffuse double layer is established. Upon further hydration up to 34 nm there is a 
regime of strong osmotic-repulsion (Gouy-Chapman regime), where the layers form a highly ordered one-dimen-
sional Wigner crystal. Up to eight higher-order reflections indicate excellent positional order of individual layers. 
When the interlayer distance reaches the Debye-length, a new regime with screened osmotic repulsion is entered, 
accompanied by a melting of the Wigner crystal and formation of a first microscopically phase separated system. 
The layers become weakly charge-correlated, which is indicated by fulfilling the classical Hansen-Verlet and Lin-
deman criteria for melting. Furthermore, this diluted liquid crystalline phase has peculiar flow behaviour. Depend-
ent on the layer separation, flow through a narrow microfluidic channel will lead to reorientation of the platelets 
perpendicular to the flow direction. Macroscopic phase separation by gravitation does not set in until much lower 
concentrations (ϕ <0.0015). At very low concentrations (ϕ <~0.0001) finally a dilute isotropic phase is reached.

Expanding swelling experiments to water/solvent mixtures allows for fine-tuning of solvent properties simply by 
varying its composition. Surprisingly, we observed discrete crystalline swelling steps extending all the way up to 
3.5 nm, while in water osmotic swelling sets in at basal spacings >1.5 nm. Typically, at water contents >30 vol% 
osmotic swelling to a gel sets in for these water/solvent mixtures. We provide insight into the requirements for 
layer separation and controlling the layer distances and outline an important pathway for the integration of layers 
into devices for advanced applications [7,8,9].

[1] Rosenfeldt S., Stöter M., Schlenk M., Martin T., Albuquerque R.Q., Förster S., Breu J. (2016). In-Depth Insights into Key Steps of De-
lamination of Charged 2D Nanomaterials. Langmuir, 10582-10588.

[2] Stöter M., Rosenfeldt S., Breu J. (2015). Tunable Exfoliation of Synthetic Clays. Annu. Rev. Mater. Res., 129-151.
[3] Kunz D.A., Erath J., Kluge D., Thurn H., Putz B., Fery A., Breu J. (2013). In-Plane Modulus of Singular 2:1 Clay Lamellae Applying a 

Simple Wrinkling Technique. ACS Appl. Mater. & Int., 5851-5855.
[4] Breu J., Seidl W., Stoll A.J., Lange K.G., Probst T.U. (2001). Charge homogeneity in synthetic fluorohectorite. Chem. Mater., 4213-4220.
[5] Stöter M., Kunz D.A., Schmidt M., Hirsemann D., Kalo H., Putz B., Senker J., Breu J. (2013). Nanoplatelets of sodium hectorite showing 

aspect ratios of 20000 and superior purity. Langmuir, 1280-1285.
[6] You S.J., Kunz D.A., Stöter M., Kalo H., Putz B., Breu J., Talyzin A.V. (2013). Pressure-Induced Water Insertion in Synthetic Clays. 

Angew. Chem. Int. Ed., 3891-3895.
[7] Choudalakis G.A., Kalo H., Breu J., Gotsis A.D. (2014). CO2 Gas Barrier Properties in Polymer Nanocomposite Coatings Containing 

Li-Hectorite Clays. J. Appl. Polym. Sci., 40805.
[8] Kunz D.A., Schmid J., Feicht P., Erath J., Fery A., Breu J. (2013). Clay-Based Nanocomposite Coating for Flexible Optoelectronics Ap-

plying Commercial Polymers. ACS Nano, 4275-4280.
[9] Möller M.W., Kunz D.A., Lunkenbein T., Sommer S., Nennemann A., Breu J. (2012). UV-Cured, Flexible, and Transparent Nanocompos-

ite Coating with Remarkable Oxygen Barrier. Adv. Mater., 2142-2147.
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Ultrahigh gas barrier systems for packaging of flexible optoelectronic devices like organic photovoltaics and organic 
light-emitting diodes require transmission rates for oxygen (OTR) and water vapor (WVTR) of less than 10-5 cm3/
(m2 day bar) and 10-6 g/(m2 day), respectively [1]. The Cussler model describes the dependence of the transmission 
rate on the filler content and the aspect ratio of the filler [2]. 

An expeditious melt synthesis of a phase pure sodium hectorite [Na0.5]
inter [Mg2.5 Li0.5 ]

oct [Si4]
tet O10 F2 yields large 

tactoids of up to 20 µm in diameter [3,4]. The superior charge homogeneity of this material allows for swelling and 
quantitative delamination into individual platelets with aspect ratios of up to 20 000 [5,6,7].

For ultra high gas barrier systems perfect alignment of the filler platelets into a textured nanocomposite film is indis-
pensable as it increases the tortuous path length according to Cussler. If on top of the alignment, the filler platelets 
can be arranged equidistant into a one-dimensional (1D) crystalline, smectic liquid crystalline film it is expected that 
the Coulomb interactions are amplified by 39% (Madelung factor) which will help to reduce the free volume and 
thus reduce permeability further.

We first observed such a 1D-crystallinity in a waterborne spider silk/clay nanocomposite made by sedimentation. 
Although this film still swells to some degree at elevated relative humidity (rh), it surprisingly shows a small water 
vapour permeability indicating severely restricted water diffusivity [8]. 

The crystallinity of such composite films can be improved a great deal by spray coating. This processing yields large 
area liquid crystalline, smectite composite films. Up to four higher-order reflections indicate excellent positional 
order of individual layers separated by the polymer matrix.

For such liquid crystalline nanocomposite films of a water soluble ethoxylated polyethylenimine/polyacrylic acid 
polymer, transmission rates of 10-4 cm3/(m2 day bar) and 10-4 g/(m2 day) were observed for OTR and WVTR at 23 
°C and 50% rh, respectively [9]. Clearly, the quality of the liquid crystallinity is responsible for the superb barrier 
performance as less ordered films made by doctor blading show transmission rates inferior by 2 orders of magnitude.

[1] Kunz D.A., Schmid J., Feicht P., Erath J., Fery A., Breu J. (2013). Clay-Based Nanocomposite Coating for Flexible Optoelectronics Ap-
plying Commercial Polymers. ACS Nano, 4275-4280.

[2] DeRocher J.P., Gettelfinger B.T., Wang J.S., Nuxoll E.E., Cussler E.L. (2005). Barrier Membranes With Different Sizes of Aligned Flakes. 
J. Membr. Sci., 21-30.

[3] Stöter M., Kunz D.A., Schmidt M., Hirsemann D., Kalo H., Putz B., Senker J., Breu J. (2013). Nanoplatelets of Sodium Hectorite Show-
ing Aspect Ratios of 20000 and Superior Purity. Langmuir, 1280-1285.

[4] Hussein K., Möller M.W., Ziadeh M., Dolejš, Breu J. (2010). Large scale melt synthesis in an open crucible of Na- fluorohectorite with 
superb charge homogeneity and particle size, App.Clay Sci., 39-45.

[5] Rosenfeldt S., Stöter M., Schlenk M., Martin T., Albuquerque R.Q., Förster S., Breu J. (2016). In-Depth Insights into the Key Steps of 
Delamination of Charged 2D Nanomaterials. Langmuir, 10582-10588.

[6] Möller M.W., Kunz D.A., Lunkenbein T., Sommer S., Nennemann A., Breu J. (2012). UV-Cured, Flexible, and Transparent Nano-
com-posite Coating with Remarkable Oxygen Barrier, Adv. Mater., 2142-2147.

[7] Möller M.W., Lunkenbein T., Hussein K., Schieder M., Kunz D.A., Breu J. (2010). Barrier Properties of Synthetic Clay with a Kilo-As-
pect Ratio, Adv. Mater., 5245-5249.

[8] Doblhofer E., Schmid J. Rieß M., Daab M., Suntinger M., Habel C., Bargel H., Hugenschmidt C., Rosenfeldt S., Breu J., Scheibel T. 
(2016). Structural Insights into Water-Based Spider Silk Protein−Nanoclay Composites with Excellent Gas and Water Vapor Barrier 
Properties. ACS Appl. Mater. Interfaces, 25535−25543.

[9] Pietsch I., Roschmann K., Deeter G., McGuire M., Feller R., Breu J., Kalo H. (2016). Compositions containing polyanion, ethoxylated 
cationic polymer and phyllosilicates for improved oxygen barrier coatings; WO17017146A1 
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CO2 SELECTIVE GATE-OPENING BY FREEZING ROTATIONAL 
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Gas capture, separation and storage are key processes for both, an energy efficient and sustainable manufacturing of 
bulk chemicals and for carbon-neutral energy cycles. In this context, selective gate-opening in flexible microporous 
frameworks represents one of the most attractive mechanisms for CO2 capture applying pressure swing cycles. In 
conventional gate-opening in metal-organic frameworks (MOFs), the additional adsorption capacity is realized by 
macroscopic volume changes and thus creates mechanical stress on the framework which is a serious limitation. 
While pillaring of natural clays [1] yields porous materials with wide pore size distributions [2], with synthetic, 
charge homogenous clays narrow, zeolite-type pore size distributions are obtained.[3-6] The intercalation of cation-
ic molecules, such as organocations or metal complexes, in synthetic layered silicates provides access to a largely 
unnoticed class of microporous hybrid materials. These so called Microporous Organically Pillared Layered Sili-
cates (MOPS) integrate the concepts of functional porosity and component modularity with a continuous porosity 
tuning in the sub-Ångström range [7,8]. Tuning the pillar density of MOPS allows for optimization of guest rec-
ognition without the need of exploring different framework topologies [6,8]. It was found, that MOPS are capable 
of discriminating very similar gases (CO2/C2H2 or CO/N2) by a new selective gate-opening mechanism [9,10]. The 
additional adsorption capacity is, contrary to conventional gate-opening in MOFs, realized without macroscopic 
volume changes solely through quenching pillar dynamics, thus avoiding mechanical stress on the framework. The 
mechanism is restricted to CO2 and CO and is not observed for C2H2 or N2. Moreover, we found that the mechanism 
underlying the additional CO2 adsorption and the total adsorption capacity beyond gate-opening pressure can be al-
tered by tuning the charge density of the host layers. A decrease of the pillar density entails, that simultaneously the 
Coulomb attraction of cationic interlayer space and anionic host layers is reduced, which modifies the gate-opening 
mechanism to a conventional structural gate-opening involving an increase in volume.
Systematic variation of charge density of the host, equivalent area of the molecular pillar and their chemical func-
tionality are the building blocks for a straightforward rational design of microporous materials optimized for CO2 
capture or tailored for separation of various industrially relevant gas mixtures.

[1] Barrer R.M., MacLeod D.M. (1955). Activation of montmorillonite by ion exchange and sorption complexes of tetra-alkyl ammonium 
montmorillonites. Trans. Faraday Soc., 1290-1300.

[2] Clinard C., Mandalia T., Tchoubar D., Bergaya F. (2003). HRTEM image filtration: Nanostructural analysis of a pillared clay. Clays Clay 
Miner., 421-429.

[3] Stöcker M., Seidl W., Seyfarth L., Senker J., Breu J. (2008). Realisation of truly microporous pillared clays. Chem. Commun., 629-631.
[4] Stöcker M., Seyfarth L., Hirsemann D., Senker J., Breu J. (2010). Microporous PILCs - Synthesis, pillaring mechanism and selective 

cation exchange. Appl. Clay Sci., 146-153.
[5] Baumgartner A., Sattler K., Thun J., Breu J. (2008). A route to microporous materials through oxidative pillaring of micas. Angew. Chem. 

Int. Ed., 1640-1644.
[6] Herling M.M., Breu J. (2014). The Largely Unknown Class of Microporous Hybrid Materials: Clays Pillared by Molecules. Z. Anorg. 

Allg. Chem., 547-560.
[7] Herling M.M., Kalo H., Seibt S., Schobert R., Breu J. (2012). Tailoring the pore sizes of microporous pillared interlayered clays through 

layer charge reduction. Langmuir, 14713-14719.
[8] Herling M.M., Lacher U., Rieß M., Seibt S., Schwedes M., Kalo H., Schobert R., Breu J. (2017). Sub-micron pore size tailoring for effi-

cient chiral discrimination. Chem. Commun., 1072-1075.
[9] Bärwinkel K., Herling M.M., Rieß M., Sato H., Li L., Avadhut Y.S., Kemnitzer T.W., Kalo H., Senker J., Matsuda R., Kitagawa S., Breu 
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[10] Herling M.M., Rieß M., Sato H., Li L., Kalo H., Matsuda R., Kitagawa S., Breu J., CO/N2 Selective Gate Opening in two-dimensionally 
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NATURE AND ORIGIN OF NATURAL Zn CLAY MINERALS FROM THE 
BOU ARHOUS ZN ORE DEPOSIT
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dynamiques de la surface terrestre, Université de Lausanne, Bâtiment Géopolis, Lausanne, Suisse

Zn-clay minerals have been found in the non-sulfide deposit of Bou Arhous (High Atlas, Morocco). They occur as 
white or ochre clays embedding willemite (Zn2SiO4) and are commonly associated to red detrital clays in karstic 
cavities. Scanning Electron Microscopy (SEM), X-Ray Diffraction (XRD) and Transmission Electron Microscopy 
(TEM) with Energy Dispersive X-ray (EDX) analyses were combined in order to characterize the clay minerals 
and to determine the mechanism of their formation. 

XRD patterns on oriented and powdered clays and Fourier Transform InfraRed (FTIR) spectroscopic analyses 
suggest that fraipontite is the major Zn clay phase (with some smectite interstratifications). SEM observation 
(back-scattered electron mode) shows that Zn clays are closely associated to willemite; euhedral willemite crys-
tals show partial dissolution that preferably affects edges adjacent to newly formed fraipontite. Zn clays are also 
present as aggregates of about 50 microns, filling the porosity or pervading the detrital clays. Intimate mixtures of 
Zn clays with detrital micas can also be observed. TEM-EDX analyses were carried out on clay separates but also 
on TEM foils prepared by Focused Ion Beam (FIB) milling directly on the thin section. Low- and high-resolution 
transmission electron microscopy images were acquired on selected areas preserving the texture of the sample. 
Two types of textural sites were selected: the Zn clay aggregates filling the porosity and the detrital clays partially 
replaced by Zn clay minerals. STEM-EDX map and point analyses confirm the occurrence of fraipontite. Individ-
ual particles of clay minerals with about 10% of Zn were analyzed. Structural formulae support the presence of 
a trioctahedral TO clay mineral like fraipontite. In the analyzed aggregates, the clays are composed of crystals of 
about 0.5-1 µm in diameter and 10 to 100 nm in thickness. At high magnification, the 0.7 nm layer periodicity was 
clearly imaged. Double layer periodicity is also common. In some fraipontite crystals, some intercalations with 1 
nm layer were imaged. Stable isotope measurements suggest that this Zn clay mineral formed by direct precipita-
tion of fluids which could be meteoritic and/or hydrothermal.
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THE EFFECT OF DYE SURFACE CONCENTRATION ON ENERGY 
TRANSFER IN HYBRID COLLOIDS WITH SAPONITE
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The photophysical interaction between cationic dyes, rhodamine 6G (R6G) and oxazine 4 (Ox4), was investigated 
in colloidal dispersions of a synthetic saponite (Sumecton from Kunimine Ind., Japan). Although R6G molecules 
were preferentially excited, emission from Ox4 was detected proving occurrence of Förster resonance energy 
transfer (FRET) between the dye molecules. Highly efficient FRET took place even at relatively low dye concen-
trations. FRET efficiency was investigated using steady-state and time-resolved fluorescence (TRF) spectrosco-
pies. FRET yields from R6G to Ox4 increased with the dye surface concentration, which could be controlled by an 
appropriate selection of dyes/Sap loading. The FRET yields determined from the spectral data were best predicted 
using a model based on probability density functions describing the distances between the energy donor and en-
ergy acceptor molecules. The theoretical model and experimental results were in excellent agreement for medium 
and higher dye concentrations and FRET yields >50%. For lower dye surface concentrations, the theoretical val-
ues were underestimated. Diffusion of the molecules might have contributed to the increase of FRET efficiency, 
especially at lower dye concentrations, thus enhancing the yields with respect to the theoretical predictions. The 
influence of anisotropy factors was most likely negligible. 

Knowledge gained by this study could be useful for the application of FRET in characterizing the properties of 
colloids based on clay minerals or other types of nanomaterials. Besides that, the results can be applied the devel-
opment of complex systems or materials derived from the precursors in colloidal state. The applications of such 
systems include the construction of light-harvesting systems, optical devices, probes and sensors, photo-sensitizers 
and photo-disinfection agents.

Acknowledgement: this work was supported by the Slovak Research and Development Agency under contract No. APVV-15-0347 and VEGA 
grant agency (1/0278/16).
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ANTIMICROBIAL PROPERTIES OF HYBRID MATERIALS BASED ON 
CLAY MINERALS WITH QUATERNARY ALKYLAMMONIUM AND 
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Organoclays mostly represent the materials composed of clay minerals modified with organic surfactants, predom-
inantly of an alkylamonnium type. Such hybrid materials often exhibit the properties which are superior to those of 
their components. The main objective of this study was to characterize antimicrobial activity of tetrabutylammo-
nium (TBA), dodecyltrimethylammonium (DDA), and tetrabutylphosphonium (TBP) cations, and effectiveness of 
the organoclays composed from montmorillonit SWy-2 (Mmt) and those cations. The activity was tested on gram-
positive bacteria Staphylococcus aureus and gramnegative bacteria Escherichia coli. Prior to the determination of 
the antimicrobial activity, organoclays were characterized using X-ray diffraction and infrared spectroscopy. The 
results confirmed irreversible adsorption of organic cations on the surface of Mmt and the stability of the com-
plexes in the medium used for biological experiments. The cytotoxicity of the organic cations on HeLa cell line 
determined by MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide) reduction assay [1] showed 
to be dependent mainly on the type of surfactant. While DDA with long alkyl chains fully inhibited surviving HeLa 
cells in the concentrations of 1 and 0.5 mmol/L, lower concentrations (0.1 and 0.05 mmol/L) were not toxic. On 
the other hand, TBA and TBP proved very low toxicity also at the higher concentrations. Antimicrobial activities of 
the organic cations, Mmt, and organoclays were measured at various concentrations of active components. Results 
were evaluated by the MTT reduction assay and calculation of colony forming units [2]. DDA inhibited surviving 
S. aureus and E. coli in the concentration of 1 mmol/L. Both TBA and TPB were efficient only in the concentration 
of 10 mmol/L. All organoclays were prepared with the ratio of organic cation/Mmt, 10-3 mol/g at the concentration 
≤1 mmol/L. Antimicrobial effect of pure Mmt suspension was negligible and did not interfere with the effect of 
the organic cations. At this concentration, the most effective complex was DDA/Mmt that inhibited surviving both 
S. aureus and E. coli by over 93%. The organoclays based on TBA and TBP exhibited much lower antimicrobial 
effectiveness at the same concentration. The effectiveness of organic cations bound to the surface of Mmt particles 
was similar, only partially lower to that of the respective surfactant solutions. Results of this work brought new 
knowledge on the biological activities of the selected quarternary ammonium and phosphonium cations, which 
are often used in organoclays. The antimicrobial activity of the organoclays should be considered when they are 
applied as carriers of bioactive substances or in other applications dealing with biological systems.

Acknowledgements: this research was funded by the Slovak Research and Development Agency under the contract No. [APVV-15-0347] and 
by the grant VEGA [1/0628/15] supported by the Ministry of Education, Science, Research, and Sport of the Slovak Republic.

[1] Mosmann T. (1983). Rapid colorimetric assay for cellular growth and survival: application to proliferation and cytotoxicity assays. J 
Immunol Methods 55-63.
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SURFACE ALTERATION MINERALS AS FLUID FLOW INDICATORS IN 
A GEOTHERMAL SYSTEM: THE CASE OF LICANCURA, NORTHERN 
CHILE
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Geothermal activity can be evidenced on surface by the study of alteration minerals [1,2] formed as the result of 
the interaction between geothermal fluids and the surrounding host rocks. These minerals provide information 
about different features of the geothermal fluid (temperature, pH) [3,4] allowing the tracking of changes on its 
composition and thermodynamic properties. Within this group of minerals, it is important to highlight clay miner-
als, due to their susceptibility to small changes, reflecting the ongoing processes in the system [5,6] and allowing to 
identify zones of geothermal fluid flow. In this work, we present preliminary results regarding the study of surface 
alteration minerals belonging to Licancura geothermal system. The case of study corresponds to Licancura, located 
220 km NE of Iquique, in the Andes mountain range. The outcrops of Licancura corresponds to Miocene andesitic 
to dacitic lava and tuff rocks, showing evidence of tectonic activity as faults and fractures. In this zone, large ex-
tensions of alteration minerals can be seen on surface, where samples were taken to analyze by X-ray diffraction, 
using the powder method for total rock samples and oriented clay mineral aggregates for the fraction <2 µ [7]. 
The analyses showed three main mineral association: kaolinite-alunite, smectite-zeolites and ulexite-teruggite-
nobleite, suggesting different kind of fluids circulating near the surface. First and second mineral associations 
corresponding to acid sulfate and bicarbonate paleofluids, respectively [2], and the third one corresponding to 
actual boron rich fluids. The mineral associations corresponding to paleofluids also showed the presence of miner-
als formed at higher temperature than the surface conditions, suggesting a field exhumation, which would lead to 
mineral instability and thus the transformation from one phase to another. These changes are the key to understand 
the evolution of geothermal systems. Furthermore, additional studies, especially in clay minerals, will lead to de-
termine the evolution of the Licancura system.

[1] Inoue, A. (1995). Formation of clay minerals in hydrothermal environments. In Origin and Mineralogy of Clays, B. Velde, pp. 268-330.
[2] Nicholson, K. (1993). Geothermal Fluids. Chemistry and exploration techniques pp. 1-263.
[3] Reyes, A. (1990). Petrology of Philippine geothermal systems and the application of alteration mineralogy to their assessment. Journal of 

Volcanology and Geothermal Research, 43, pp. 279-309.
[4] Stimac, J., Goff, F., Goff, C. (2015). Intrusion-related geothermal systems. The Encyclopedia of Volcanoes, Elsevier, pp. 799-822.
[5] Fiore, S., Cuadros, J., Huertas, F.J. (2013). Interstratified Clay Minerals: Origin, Characterization and Geochemical Significance. AIPEA 

Educational Series, Pub. N° 1.
[6] Libbey, R., Longstaffe, F., Flemming, R. (2013). Clay mineralogy, oxygen isotope geochemistry, and water/rock ratio estimates, TeMihi 

area, Wairakei Geothermal Field, New Zealand. Clay and Clay Minerals, 63 (3), pp. 204-217.
[7] Moore, D. and Reynolds, R. (1997). X- Ray Diffraction and the identification and analysis of clay minerals. Oxford University Press. 

SegundaEdición, pp. 204-225.
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In this study, dielectric behaviour of polypropylenecarbonate (PPC)-Pristine Bentonite composites were investi-
gated. First PPC was dissolved in 20 mL Chloroform then this solution was added to suspension of 1 g bentonite 
in 30 mL of chloroform. The resulting PPC-Pristine Bentonite mixture was filtered then the solid portion was dried 
at room temperature under vacuum condition. Dielectric measurements were carried out 1Hz-1MHz. The meas-
urements show that reel permittivities (ε´) of samples were increased with increase of loading up to 100 mg PPC 
loading. Loss factor (tanδ) was shifted to the low frequencies according to Pristine Bentonite. Infrared spectra of 
samples were measured and results were supported by infrared spectroscopy. As a result, at low PPC loading, clay-
PC interaction increased and dielectric permittivities of composites decreased relative to pure bentonite. 
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Characterization of clays catchment area and the identification of the technological process of manufacturing are 
main lines of research in ceramic archaeometry [1,2]. The 3D microarchitecture of the ceramic pieces, especially 
its clay matrix, by scanning electron microscopy and microanalysis (SEM-EDX) is a topic that has received little 
attention to date. The settlement of the Cerro de la Encina (Monachil, Granada, Spain) is important for the system-
atization of the Bronze Age in the southeast of the Iberian Peninsula [3].

We studied ten ceramics vessels used in rituals practices from four graves. The mineralogical composition was 
determined by X-ray diffraction (XRD) with a Bruker D8 Advance diffractometer (Cu Kα, 40 kV, 40 mA) and 
mineral percentages by intensity factor method. Ceramic fragments were fractured to obtain freshly-cut surfaces, 
metalized with gold and studied with SEM (Hitachi S-510, at 25 kV) and EDX (Röntec, 288, M-Serie, Edwin).

Illite, paragonite, chlorite and quartz were identified in all samples. In some cases there exist K-feldspar, pla-
gioclases, calcite, dolomite and hematite. Phyllosilicates was in 55-70% and quartz, 20-30%. The width at half 
height of the 1.0 nm peak of illite exhibits a range from 0.075 to 0.267 (°2θ). The predominate SEM microfabric 
was laminar matrix (composed by stack of laminar clusters, originated by the union of small plates -domains- of 
10-5 μm width and low thickness, and composed by phyllosilicates) with skeleton grains (50-1000 μm) of different 
mineralogy. The stage of vitrification of the matrix was inexistent or very low; only in one sample filaments of 
glass had been described. The SEM images of several samples reveal the existence of fine-added layers that rework 
the previous surface. In other cases, a system of cracks -covered internally by phyllosilicates- was noticed. The 
quartz skeleton grains (composition confirmed by EDX) show angular shape.

The presence of paragonite indicates a Betic provenance of raw-clays, because this kind of mica is abundant in Ne-
vado-Filabride Complex. Similar could be said about the presence of dolomite, since it is frequent in the Alpujar-
ride Complex. Illites of low crystallinity could indicate a soil origin of the clay whereas those of high crystallinity 
have a sedimentary provenance. High phyllosilicates percentage, absence of high-temperature mineral phases, and 
lack (or very low) of matrix vitrification, tell us about fired temperatures not exceeded than 700-750 °C. Molding 
processes are recognized by the perfect adaptation of the clusters laminar matrix to the surface of the skeleton, 
adopting its forms and recesses. The presence of fissures covered by phyllosilicates and oblique to the surface of 
the piece is considered a fact with valuable technological information, indicating a second molding process -a re-
touching- when the piece was drier. High quartz percentages, improper of soil clays, and its angular forms, could 
talk about technological process of addition as a tempered.

[1] Sillar, B. and Tite, M.S. (2000). The Challenge of ‘Technological choices’ for Materials Science approaches in Archaeology. Archaeom-
etry 42, 2-20.

[2] Scarpelli, R., Clark Robin J.H., and De Francesco, A.M. (2014). Archaeometric study of black-coated pottery from Pompeii by different 
analytical techniques. Spectrochimica Acta Part A: Molecular and Biomolecular Spectroscopy 120, 60-66.

[3] Aranda, G. and Molina, F. (2005). Intervenciones arqueológicas en el yacimiento del Cerro de la Encina (Monachil, Granada). Trabajos 
de Prehistoria 65, 165-179.
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Neuquén basin represents the most productive gas basin in Argentina, while the VacaMuerta-Quintuco system 
(Tithonian-Valanginian) is considered as one of the most important unconventional plays in the world. In order to 
increase productivity and predict their rheological behavior, detailed mineralogical analysis is essential on these 
plays. This contributionallowed us to make a detailed characterization of the transition from a carbonate ramp 
(VacaMuerta Fm) to a mixed siliciclastic-carbonate shelf (Quintuco Fm). The analysis of clay minerals revealed 
a high-ordered illitic material dominated shale, with variable contribution of Fe-rich chlorite. The smectite-illite 
interlayers (I/S) of marlstones revealed a high ordering (R3), while the I/S of other lithologies showed a subtle 
increase in expandibility, suggesting a different diagenetic process.

In the outcrops of PuertaCuraco (NorthernNeuquén Province), the VacaMuerta Fm is ~400 m thick and consists of 
rhythmic alternations of marlstones and limestones, with interbedded0.5-50 cm thick volcaniclastic layers (tuffs). 
Overlaying VacaMuerta Fm, Quintuco Fm (~300 m) consists of limestones, shales and fine-grainedsandstones, 
indicating a shallowing upward sedimentary cycle. The amount of clay minerals increases upward along the entire 
system while the carbonate content (calcite and dolomite) decreases (Kietzmannet al., 2016). 

Systematic sampling and mineralogical analysis (XRD) were performed on the entire sequence (~700 m) in order 
to study the paleoenvironmental transition through the carbonate ramp to the mixed siliciclastic-carbonate shelf, 
and also to increase the knowledge about the diagenetic process.

Considering the marlstones:limestones ratio, five composite third-order sequences were recognized, each one 
subdivided into a transgressive system track and a regressive system track. No relation was observed between 
sequence stratigraphy and clay mineralogy, except for the regressive system track of Quintuco Fm, that is charac-
terized by an important increase in clay mineral content, specially illite/mica. 

Marlstones represent the main lithology in the VacaMuerta Fm and XRD analysis revealed that clay mineralogy 
is dominated by illitic material, with subordinated rich Fe-chlorite. Illitic material is characterized by very little 
amount ofexpandable layers. Limestones also present Fe-rich chlorite and illitic material with a subtle increase in 
expandable layers. Tuffs may show either alteration to argillaceous minerals (80%) or replacement by carbonate 
material (20%) (calcite and dolomite), the clay fraction revealed an important amount of Fe-rich chlorite and also 
interstratified illite/smectite (I/S), and, when compared to marlstones, the I/S of the tuffs presents an increase in 
the amount of expandable layers. The high amount of Fe-rich chlorite on tuffs deposits is expected considering the 
high amount of Fe-rich minerals in tuffs sediments. On the other hand, Quintuco Formation shales are character-
ized by illite/mica, chlorite and small amounts of I/S. The great abundance of illite/mica evidences the progressive 
shallowing upward system, reflecting an important increase of detrital input. 

Illitic material represents the main clay mineral in VacaMuerta Fm. This fact may support the idea proposed by 
Wilson et al. (2016) who mentioned that I/S (R3) may, under particular conditions, crystallize from pore waters. 
The high-ordered I/S is consistent with other indicators such as pyrolysis analysis, that revealed Tmax~520ºC, 
characterizing this system as an overmature formation in PuertaCuraco. The difference observed on expandable 
layers in tuffs (carbonated or argillaceous replaced)suggestsdifferent initial material for marlstones and for tuffs, 
conditioning the formation of different clay mineral associations during diagenesis.

Preliminary interpretations indicate that clay minerals in VacaMuerta Fm mainly respond to diagenesis process-
es, while Quintuco Fm clay mineralogy may be dominated by detrital input. Finally, the advanced stage of the 
illitization process observed in PuertaCuraco section, is compatible with other indicators like pyrolysis analysis, 
characterizing the system in this part of the basin as an overmature formation.

[1] Kietzmann D., Ambrosio A., Suriano J., Alonso, M.S., González Tomassini F., Depine G., Repol D. (2016). The VacaMuerta-Quintuco 
System (Tithonian-Valanginian) in the Neuquén. Basin, Argentina: A view from the outcrops in the ChosMalal fold and thrust belt. AAPG 
Bullletin, V.100, No. 5, p. 743-741.

[2] Wilson, M.J., Shaldybin, M.V. and Wilson, L. (2016). Clay mineralogy and unconventional hydrocarbon shale reservoirs in the USA. I. 
Ocurrence and interpretation of mixed-layer R3 ordered illite/smectite. Earth-Science Reviews 158, p. 31-50.
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Tuberculosis (TB) is the second cause of death from an infectious disease worldwide, only surpassed by the human 
immunodeficiency virus. It is curable but its treatment shows many problems to overcome as it long duration, the 
emergence of multidrug-resistant TB and its intimate link with poverty. TB treatment consists of a two month “in-
tensive” phase (daily administration of the first-line antituberculostatic drugs: isoniazid, rifampicin, pyrazinamide 
and ethambutol) followed by a four month “continuation” phase (isoniazid and rifampicin) [1]. Currently, the use 
of nanoparticles within the field of infectious diseases arouses growing interest due to the evident failure of con-
ventional treatments [2]. Among the wide range of nanomaterials available as support for these nanosystems, clay 
minerals provide spontaneous submicron dispersions in aqueous media, resulting in low cost and biocompatible 
systems [3,4]. Palygorskite is a fibrous clay considered a suitable candidate to vehicle bioactive molecules due to 
its large surface area [5]. Pharmasorb® Colloidal (PC) is an activated palygorskite clay designed for use in phar-
maceutical and cosmetic application [6]. Furthermore, thermodynamics and equilibrium aspects of the interaction 
between the clay surface and the drug molecules must be investigated to elucidate the nature and degree of the 
processes involved [7]. With these backgrounds, the aim of this work was the study of the thermodynamics and 
equilibrium features of the adsorption of the first-line antituberculostatic drug isoniazid (INH) onto PC as a prior 
step in the development of a modified release system based on the INH-PC chemical interaction. 

Adsorption equilibrium experiments were done as follows: a fix amount (0.1g) of PC and 20 ml of INH aqueous 
solutions (initial concentration C0 ranging from 0.05 to 0.5 M) were placed in Pyrex™ glass 25 ml flasks and 
stirred in a thermostated bath (150 rpm) at different temperatures (20, 30, 40 ± 0.1 °C) for 24 h, 48 h and one week. 
After stirring, the suspensions were centrifuged and the equilibrium concentration of the drug in the supernatant 
liquid was determined by UV spectroscopy (UV-Vis spectrophotometer Lambda 25, Perkin Elmer, S) at 262 nm. 
The difference between initial (C0) and equilibrium (Ceq) concentration was assumed to be due to adsorption and 
the amount of INH retained per gram of adsorbent was calculated. Mathematical treatment of the data was per-
formed following [8] and thermodynamic parameters were then calculated. Adsorption experiments showed that 
promising delivery systems may be designed by supporting INH onto PC.
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Tuberculosis (TB) is the leading cause of death from a curable infectious disease [1]. Despite being subject to cure, 
TB chemotherapy is long and needs polymedication; 6 months of adherence to four first-line drugs with subopti-
mum toxicity profiles [2]. The potential of nanoparticulate drug delivery for the treatment of TB attracts consider-
able current interest on account of the substantial benefits provided, like the protection of drugs from degradation 
and/or the controlled release of the loaded drug, reducing dose and frequency of drug administration [3,4]. These 
findings raise the possibility of taking advantage of the innumerably possibilities that nanoclays offer in terms of 
drug delivery to contribute greatly to the improvement of patient compliance with the ultimate aim of increasing 
the survival rate of TB patients [5]. The aim of this work was to use a pharmaceutical-grade palygorskite (Phar-
masorb Colloidal®, PC) (Basf, Spain) and the first-line antituberculostatic drug isoniazid (INH) (Sigma Aldrich, 
Spain) as a cheap and viable option to confront the serious challenge of the TB treatment.

The INH/PC nanohybrids were prepared at the drug/clay ratios corresponding with the monolayer adsorption 
capacity at the optimal contact time and temperature conditions. INH/PC hybrids systems were recovered by 
filtration and oven dried before characterizing. Solid state characterization was carried out in order to confirm the 
effectively loading of the drug, to assess qualitative and quantitatively the different interactions involved and to 
correctly resolve the structure of the nanohybrids as well as the localization of the drug.

a) X-Ray Powder Diffraction (XRPD) was done by using a Philips® X-Pert diffractometer with Cu Kα radiation. 
Data were analysed using the XPOWDER® software52. Experiments were run in triplicate (experimental error ± 
5%).

b) Differential scanning calorimetry (DSC) and thermogravimetric analysis (TGA) were carried out by using a 
METTLER TOLEDO mod. TGA/DSC1 with FRS5 sensor and a microbalance (precision 0.1 μg) (Mettler-Toledo 
GMBH). Samples were heated in air atmosphere at 10 °C/min. Experiments were run in triplicate and standard 
deviations of temperature and mass loss were calculated. 

c) Fourier Transform Infrared Spectroscopy (FTIR) spectra were recorded on a FTIR spectrophotometer (JASCO 
6200, with software SPECTRA MANAGER v2 and with an attenuated total reflectance (ATR) accessory) from 
600 to 4000 cm−1 at 0.25 cm−1 resolution. Experiments were run in triplicate (experimental error ± 0.2%).

d) Electron microscopy coupled with Energy-dispersive X-ray spectroscopy (XEDS) were performed using a Carl 
Zeiss SMT LIBRA 120 PLUS transmission electron microscope and a FEI Titan G2 60-300 ultra-high resolution 
transmission electron microscope coupled with a X-ray spectroscopy (EDX) detector. 
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Tuberculosis (TB) is the leading cause of death from a curable infectious disease due to its long treatment duration, 
multidrug-resistant strains and deadly association with the human immunodeficiency virus [1]. Isoniazid (INH) is 
the most widely used antituberculostatic drug. It shows high early bactericidal activity [2], high aqueous solubility 
[3] but low permeability [4]. The aim of this work was to take advantage of the innumerable advantages offered by 
clays in the design of novel drug delivery systems [5,6] directed towards the increase of INH oral bioavailability in 
terms of the enhancement of INH intestinal permeability, what would lead to a reduction of its toxic effects caused 
by the high dose required.

Materials: halloysite nanotubes (HLNTs) (Sigma Aldrich, Spain), montmorillonite (Veegum HS®; VHS) (Vander-
bilt ltd, USA), and palygorskite (Pharmasorb Colloidal®; PC) (Basf, Spain), all of pharmaceutical grade. Isoniazid 
(INH) (Sigma Aldrich, Spain). 

A known amount of VHS, HLNTs and PC were dispersed in INH ethanol solutions with a drug to clay ratio 1:1 
w/w and stirred for 24 hours. Then, the solvent was evaporated (Rotavapor®, Buchi model RII) and the residue was 
dried in oven at 40ºC. The resulting samples were referred to VHS-INH; HLNTs-INH; PC-INH. 

Cytocompatibility and permeability of all the samples and corresponding raw materials were assessed in human 
colorectal adenocarcinoma cell line (Caco-2). Transepithelial electrical resistance (TEER) was measured during 
the experiments to monitor the integrity of the cells monolayer [7]. Results showed both the innocuousness of the 
resulting nanosystems as well as the great enhancement of INH permeability when loaded onto the nanoclays.
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Thermotherapy with peloids in rheumatic illness is a matter of discussion and that requires scientific answers 
whose resolution would aid to its optimization. The application of thermotherapy firstly depends on the specific 
heat (Cp), improving with this. One of the properties that has been little studied is the microfabric (mfSEM). Our 
goal is to determine Cp and mfSEM of clayey peloids made with industrial clays and Spanish medicinal mineral 
waters.

The clays used were aluminum-bentonite (B-Al), magnesium-bentonite (B-Mg) and kerolite (K). The waters came 
from the following Spanish thermal spas: Cuntis, Montemayor, Cofrentes, La Toja, and Talaso Atlántico. Distilled 
water was used as a target. Peloids were manufactured and matured for a period of 0, 3, and 6 months. Cp was 
determined by a CALVET microcalorimeter, equipped with a device that allows working in the absence of the va-
pour phase, with a calorimeter cell volume of approximately 10 cm3. Calibration was performed electrically using 
a SETARAM EJP30 stabilised current source. Water percentage (H) was also measured. The mfSEM of peloids 
was studied with SEM-EDX in fresh-cut from samples prepared by cryofixation-lyophilization. 

Cp data (J·kg-1·K-1) indicate that waters samples quadrupled clay samples (4000 versus 900; aprox. values). Those 
of low mineralization (Cuntis, Montemayor) and distilled water show a value of >4160 J·kg-1·K-1; followed by 
waters with higher mineralization, La Toja and Talaso Atlántico, near to 3990 J·kg-1·K-1; and finally Cofrentes, 
with the highest mineralization, with a value of 3346 J·kg-1·K-1. Clays were more homogeneous in Cp (J·kg-1·K-1): 
K, 894, B-Mg, 892; B-Al, 865. The Cp of peloids was intermediate between clays and waters (between 3300 and 
2000 J·kg-1·K-1; aprox. values). The sequence of waters values was: Cuntis, Montemayor, distilled water > La Toja, 
Talaso Atlántico > Cofrentes. However, the peloids made of K, (which is the clay with highest Cp), doesn’t achieve 
the highest values and B-Mg is slightly higher than B-Al. H stands the amount of water needed to form peloids 
with the proper consistency to be applied. The peloids made with low-mineralization waters had the highest value 
of H, similar to that of distilled water. However, when waters increase mineralization, La Toja and Talaso Atlánti-
co, and especially Cofrentes (of extremely high mineralization), H decreases. H of peloids made with bentonites, 
resemble each other, though B-Mg had the maximum, and all of them are considerably higher than K. Peloids 
made with B-Al or B-Mg and the less mineralized waters had the better structured mfSEM, with higher porosity 
and a near card-house-type microfabric.

In conclusion, the higher amount of water needed by the peloids (in order to reach the optimum for plasticity and 
texture) the higher Cp value. At the same time, H depends on the water mineralization in a reverse relationship, 
although the type of clay must be taken in account, establishing differences between Cp of B and K, in favor of 
the first. These differences are justified by the mfSEM. House of cards, developed in B, is the most structured and 
porous, favoring higher H and Cp and best thermotherapy properties. By knowing the mfSEM we can deduce the 
quality of peloids as thermotherapy agents.



Scientific Research Abstracts
Vol. 7, p. 124, 2017
ISSN 2464-9147 (Online)
XVI International Clay Conference | ICC 2017 | Granada, Spain
© Author(s) 2017. CC Attribution 3.0 License

CLAYS AND FRIENDS AT MARS: PIECING TOGETHER THEIR 
FORMATION PATHWAYS AT THE REGIONAL SCALE

joHn Carter (1), CatHy quantin (2), niColas manGold (3), jean-pierre bibrinG (1)
(1) Institut d’Astrophysique Spatiale, Paris-Saclay University, France, (2) Laboratoire de Géologie de Lyon, France. (3) 
LPGN, Nantes, France 
john.carter@ias.u-psud.fr

When hydrous clays and other secondary phases were first detected at Mars less than 15 years ago, there was hope 
that Mars would swiftly unravel its watery past. Since then, roving missions and orbital remote sensing have made 
much progress on the nature, geological context and chemical environment in which these clays formed at Mars. 
However, piecing all of this together to understand the actual formation pathways and the geological environments 
(e.g. supergene vs hypogene) has proven challenging. 

Global analyses of Mars have been carried out from orbit, making extensive use of data fusion at the meters scale, 
but they are both limited and coarse geological tools. This paucity of analytical tools is solved by roving missions, 
but these only provide a clear cut view of clay-forming alteration that is highly localized both in space and in the 
timeline of Mars. Both approaches are further hampered by the degraded nature of the geological context for these 
>3.5 Gyrs old mineral deposits. 

We report on a new analysis of clays at the coarse orbital scale that attempts to partly overcome the latter limita-
tion. Individual mineral sites at Mars are typically overly degraded, lack erosional windows (to investigate stratig-
raphy), or do not possess sufficient meter-scale data coverage. If instead we treat these sites as statistical points, 
then it becomes possible to look for trends at the regional (1000s km) to global scale, and compare between various 
locales (e.g. basins, mountains, etc.). Based on this approach, we observe that Mars has undergone pervasive al-
teration globally, at and near its surface, but the duration and intensity of this alteration remains elusive. Regional 
scale variations based on context, altitude and general geography demonstrate that Mars experienced clay-forming 
systems that were both diverse, and in some cases likely connected over 1000s km. A by-product of this work is 
that it should allow better assessment of the representability and pertinence of landing site candidates for future 
roving missions.
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NUTRITIONAL STRATEGIES TO AVOID ENVIRONMENTAL 
CONTAMINATIONS EMPLOYING CUBAN NATURAL ZEOLITES
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The main findings in the evaluation of Cuban natural zeolites of “Tasajeras” (Villaclara province) and “San An-
drès” (Holguin province) deposits are in animal production taking into account animal behavior, health, decrease 
of contaminant, environmental emissions and costs in animal production. The results are in line with the demands 
of the country through the guidelines established for the recently approved economic program, among which 
food production, import substitution, environmental care and lower costs are included. The natural zeolite deposit 
“Tasajeras” could replace a portion of soybean meal in the feed formula for fattening pigs. The natural zeolite was 
able to efficiently replace part of the protein source in the protein supplement used, with savings of 180.4 kg of 
soybean meal per ton of concentrate for pigs, which would reduce the cost of the annual budget of the country in 
20.5 million USA dollars. It was also found that when the zeolites are included in feed for pigs, ammonia nitrogen 
emissions to the environment are reduced by 56%. The work demonstrated once again that the mineral studied 
here have also ample opportunities to become a major export item or to provide elements of interest to potential 
investors, an aspect which also claims the Cuban economy. 
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The present work focuses on a new field of multidisciplinary research located in the state of the art of Nanobiotech-
nology and Nanomedicine. In this way, it will be shown how nanofibers of sepiolite might constitute a potential 
promising non-viral nanocarrier for the intracellular transfer of biomolecules [1]. Specifically, it focused on the syn-
thesis, physical-chemical characterization, and evaluation of biotechnological applications of new sepiolite-based 
bionanocomposites, as part of therapeutic strategies for the treatment of diseases of genetic origin. Firstly, insights 
on the adsorption of nucleic acids (DNA and RNA) on sepiolite from Vallecas-Vicálvaro region (Madrid, Spain) 
will be introduced to confirm the formation of the corresponding bionanocomposites. The resulting biohybrid 
materials were subjected to a deep characterization using novel techniques and methodologies, identifying that 
DNA is adsorbed in a reversible and efficient way in sepiolite nanofibers mainly via interactions with the sepiolite 
silanol groups located along the external surface of the silicate fibres. Moreover, it was observed that sepiolite can 
be internalized spontaneously by eukaryotic cells, and the predominant action of endocytic and non-endocytic 
mechanisms of cellular internalization were identified. These bionanocomposites have been also tested as a novel 
non-viral gene vector to stably transfer nucleic acids into cancer cell lines. Furthermore, additional strategies were 
designed in view to significantly increase transfection efficiency. In conclusion, the obtained results open the way 
to the use of sepiolite as a novel class of nano-platform to produce DNA-based bionanocomposites useful for gene 
transfer with potential clinical applications, as well as for the development of novel biological models of interest 
for both, Academia and biotechnological applications.

[1] Castro-Smirnov F.A., Piétrement O., Aranda P., Bertrand J.R., Ayache J., Le Cam E., Ruiz-Hitzky E., Lopez B.S. (2016). Physical inter-
actions between DNA and sepiolite nanofibers, and potential application for DNA transfer into mammalian cells. Scientific Reports 6, 
36341; doi: 10.1038/srep36341.
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This workpresents a structural study on the intercalation of carbon dioxide (CO2) into fluorohectorite clays with 
different interlayer cations. We have recently demonstrated [1] that under certain conditions of pressure and tem-
perature, fluorohectorite clays are able to capture a large amount of CO2, depending on the type of interlayer cation. 
Intercalation of water in smectite clays occurs naturally and has been extensively studied with a wide range of 
techniques, among them neutron [2,3] and X-ray scattering [4,5]. Recent experiments and simulations have shown 
that also CO2can intercalate in smectite clays, both in supercritical [6], and in gaseous/liquid form [7]. We have 
previously demonstrated that CO2 intercalates into synthetic Na-Fluorohectorite (NaFh) clay at conditions close to 
ambient [8], at minus 20 °C and 15 bar. These are not the conditions found in the geological storage sites, but can 
be conditions relevant when clays are considered as an alternative to for example zeolites as a material for cap-
ture of CO2. In a recent paper [9] we investigated this further, looking at fluorohectorite clays with three different 
cations (Na, Ni and Li), showing that Li-fluorohectorite clay is able to retain CO2 up to a temperature of 35 °C, at 
ambient pressure, and that the captured CO2 can be released by heating above this temperature. These conditions 
are highly relevant for mapping out, and understanding, the mechanisms involved in CO2 capture and retention 
by smectite clays, either in geological formations, or in CO2 capturing elements. Fluorohectorite is a synthetic 2:1 
clay that has been demonstrated by us to be a representative and clean model system of natural smectite clays. 
Synthetic clays have more homogenous charge distribution than their natural counterparts, which leads to well-de-
fined intercalation states. Synthetic clays also contain significantly fewer impurities (e.g. carbonates, (hydr)oxides, 
silica, and organic matter) than natural clays. Here we present results on the study ofCO2 intercalation into a series 
of synthetic fluorohectorite clays using a Pressure Composition Temperatureapparatusto follow the capture of CO2 
inside the clay interlayer varying the pressure from 0 to 50 Bar for the three studied cations; X ray diffraction was 
used to determine the interlayer distances at ambient conditions; andSmall Angle Neutron Scattering fromJeep II 
reactor at IFEwas used for an in situ high pressure study.
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The selective adsorption of biopolyelectrolytes onto or into hallosyite (HNT) surfaces is a way to control the 
aqueous colloidal stability of the nanotubes, which is crucial for several applications within pharmaceutics and ma-
terials science. This study was aimed to investigate the structure of the complexes formed by polymer adsorption 
and its dependence on the polymer type. To this purpose, nonionic (hydroxylpropylcellulose), anionic (pectins and 
alginate) and cationic (chitosan) polymers were selected. On the other hand, HNTs provided from different geo-
logical deposits were studied in order to evaluate the influence of the their morphological characteristics (aspect 
ratio, polydispersity in length and inner/outer diameters, specific surface area) on the structural properties of the 
hybrid nanostructures. The SANS curve for HNT from Australia showed interesting scattering features, which are 
not observed for the nanotubes provided from different sources. This peculiarity agrees with the lower size poly-
dispersity and a thinner shell. The absence of oscillations for the other HNT samples can be attributed to a larger 
polydispersity of their radii that smears out the scattering features expected for a hollow cylinder. SANS curves 
were performed on the biopolymer/HNT mixture in full contrast as well as HNT contrast matching conditions. 
The quantity of polymer adsorbed onto the HNT surfaces was estimated from the SANS data by considering the 
scattering intensity values at q → 0 (Guinier fit). We observed that the anionic alginate is the biopolymer with the 
largest affinity. The SANS experiments performed in D2O/H2O mixtures highlighted that the oscillations for the 
HNT from Australia are preserved in the presence of all the investigated biopolymers. Therefore, SANS curves can 
be fitted by using a hollow cylinder as model providing insights on the specific interactions between the polymers 
and HNT. Additional insights on the structural properties of biopolymer/HNT nanostructures were obtained from 
Electric Birefringence (EBR) experiments, which allow to study the rotational mobility of the nanotubes. As a 
general result, the presence of the biopolymer induced an enhancement of the relaxation time indicating that the 
rotational mobility of the nanotubes is reduced. The strongest effect was observed for chitosan/HNT mixtures. The 
peculiar effect of the biopolymers on the HNTs rotational mobility could be explained by taking into account the 
electrostatic characteristics of both components. The cationic chitosan preferentially interacts with the negative 
HNT outer surface favoring the polymer wrapping of the nanotubes, while the anionic alginate should be mostly 
adsorbed onto the positively charged clay’s lumen. No electrostatic interactions are expected between the non 
ionic HPC and the clay nanotubes (the polymer adsorption could be driven by hydrogen bonds and Van der Waals 
forces).

The obtained results represent a physico-chemical basis for further applications of the biopolymer hybrids as 
modern functional materials.
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ROMAN CERAMIC PRODUCTION: GEOSOURCES AND TECHNOLOGY 
FOR MANUFACTURING WINE AMPHORAE IN UMBRIA, ITALY

letizia CeCCarelli (1), maurizio bellotto (2), marCo Caruso (3), Cinzia Cristiani (4), Giovanni 
dotelli (5), paola Gallo stampino (6), luCa primavesi (7), ilenia rossetti (7)
(1) University of Cambridge, McDonald Institute for Archaeological Research, Downing Street, Cambridge CB2 3ER, UK, 
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da Vinci 32, 20133 Milan, Italy, (3) Politecnico di Milano, Materials Testing Laboratory, via Celoria 3, 20133 Milan, Italy, (4-
6) Politecnico di Milano, Department of Chemistry, Materials and Chemical Engineering “Giulio Natta”, Piazza Leonardo da 
Vinci 32, 20133 Milan, Italy, (7) Department of Chemistry, Università degli Studi di Milano, via C. Golgi 19, 20133 Milan, 
Italy, (8) Department of Chemistry, Università degli Studi di Milano, via C. Golgi 19, 20133 Milan, Italy

In 2016 a second season of archaeological excavation took place at the Roman site of Montelabate (Perugia, 
Italy) where three kilns had been excavated following their discovery in 2012. The new excavation focused on 
two further kilns revealed by geophysical prospection:a rectangular kiln, oriented North-South, that was initially 
used for the production of wine amphorae, before later being used to make tiles;a round kiln, oriented east-west, 
which was used to produce courseware. The pottery production site was located within walking distance of a rich 
Plio-Pleistocene clay deposit and in close proximity to several streams including the River Ventia, a tributary of 
the River Tiber. During the excavation several ancient clays were sampled in particular below the foundations of 
the structures. Furthermore, visible clays beds in the proximity of the site were also sampled. 

The pottery workshop, in use from the 1st century AD, is an important discovery in the Upper Tiber valley and 
is the only amphorae production site in the area to be fully excavated and subject to scientific analysis. The site 
therefore offers a unique opportunity to study the chaîneopératoire and the Roman technology of production in 
Central Italy. The kilns were also used to produce courseware, providing evidence for a local production system 
that continued until the late 4th to the 5th century AD[1].

Ancient and modern clays were sampled and analysed: they do not significantlydiffer supporting the hypothesis of 
a rich local clay source that allowed a continuity of production. In some areas of the excavation, around the kilns, 
clays have been identified that had already been prepared for pottery production.

Characterization of the clays was performed using geotechnical methods (Atterberg limits and size distribution), 
by XRF[2] and XRD analysis, SEM, TG and FTIR. The material proved to be nearly suitable for pottery making, 
requiring only the addition of calcite and quartz sand. Production waste and discarded materials were also ana-
lysed: both amphorae and courseware pottery show differences in the preparation of the recipe and firing tempera-
ture, determined by the decomposition of clay materials and the presence of neoformed minerals.

[1] Ceccarelli L., (2017). Production and trade in Central Italy in the Roman period. The amphorae workshop of Montelabate in Umbria, 
Papers of the British School at Rome 85, 2017. In press.

[2] Ceccarelli L., Rossetti I., Primavesi L., Stoddart S. (2016). Non-destructive method for the identification of ceramic production by porta-
ble X-rays Fluorescence (pXRF). A case study of amphorae manufacture in central Italy’, Journal of Archaeological Science: Reports10, 
253-262.
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BLENDED FORMULATIONS OF VOLCANIC MUDS AND SEDIMENTARY 
CLAYS FROM AZORES (PORTUGAL): ASSESSMENT AND 
BENEFICIATION OF THEIR PROPERTIES AS HEALING MATERIALS

angELa cErquEira*, cristiana costa, dEnisE tErroso, cristina sEquEira, FErnando rocha 
GeoBioTec, Department of Geosciences, University of Aveiro, Portugal 

The empirical application of muds for therapeutic purposes is known all over the world. This is called pelotherapy 
and consists in the local or generalized application of a mixture of a solid phase and a liquid phase (peloid) for 
recovering artro-rheumatic, bone- muscle traumatic damages and dermatologic affections. Volcanic thermal muds 
have been applied “in situ” or in Spa Centres for therapeutic purposes since a long time. Some maturation surveys 
have also been performed in the last years.

São Miguel island (Azores archipelago) exhibit hydrothermal manifestations such as mineral and thermal waters 
and also fumarolic fields as a result of their geological settings. Several samples from São Miguel island were 
obtained from the surface bubbling mud inside the springs. Water/mud temperature and pH were measured with a 
portable instrument (HI 9025 pH meter), calibrated in the field. In Santa Maria island (also in Azores) recent sedi-
mentary clayey formations outcrop, showing a multicolor facies, reflecting, generally, changes in the mineralogical 
composition. 5 samples were collected in Santa Maria Island known to be used for empirical therapeutic uses.

All samples were submitted to chemical, mineralogical and technological characterizations, with particular em-
phasis on those allowing the assessment of the potentialities but also the risks for application as healing clays. 
Several analyses were carried out: grain size distribution (wet sewing and sedigraph), mineralogical composition 
(X-ray diffraction), geochemical (major and minor elements) analyses (X-ray fluorescence), abrasiveness, plastici-
ty (consistency limits), cation exchange capacity and exchangeable cations, specific surface area, expandability, oil 
absorption and cooling rate. All the analyses had been carried in accordance with the protocols and norms followed 
in the Departments of Geosciences of the University of Aveiro and in the Pharmacy College of the University of 
Porto. The results obtained so far point to very fine materials and presenting mineralogical and chemical compo-
sition compatible with the desired applications. The same can be concluded from almost all of the technological 
tests, but volcanic muds showed abrasiveness and pH values needing beneficiation. On the other hand, the avail-
ability of these muds are limited. Therefore, we considered the design of blends of both geomaterials. Blends of 
volcanic muds from São Miguel and clays from Santa Maria were submitted to maturation procedures with mineral 
water. Samples were matured in tanks covered permanently by a layer of mineral water during 120 days at constant 
room temperature (20 ºC). The same set of analyses and test were carried out after blending/before maturation and 
after maturation. Abrasiveness decreased and pH became less acidic; slightly enrichment on Na and Ca was de-
tected on samples after maturation and exchangeable cations content were improved by the process. The bicarbo-
nated-sodium type of mineral water used for maturation seems to play a major role on features of the final peloids.

Acknowledgments: the financial support of the research contract “UID/GEO/04035/2013” funded by the Portuguese Foundation for Science 
and Technology is gratefully acknowledged.
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SEPIOLITE AND PALYGORSKITE REGULATE GENE EXPRESSION OF 
PRO-INFLAMMATORY CYTOKINES AS DETERMINED BY A MURINE 
INFLAMMATION MODEL

CyntHia paola lopez-paCHeCo (1,2), antonio nieto-CamaCHo (3), luis zarate-reyes (2), emilia 
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Instituto de Investigaciones Biomédicas, Universidad Nacional Autónoma de México, Mexico City, Mexico, (3) Instituto 
de Química, Universidad Nacional Autónoma de México, Mexico City, Mexico, (4) Departamento de Cristalografía y 
Mineralogía, Universidad Complutense de Madrid, Spain, (5) Instituto de Geociencias, Universidad Complutense de Madrid 
- Consejo Superior de Investigaciones Científicas, Spain, (6) Departamento de Geología, Universidad de Salamanca, Spain, 
(7) BGR Bundesansaltfür Geowissenschaftenund Rohstoffe, Stilleweg 2, D-30655 Hannover, Germany, (8) Departamento 
de Procesos y Tecnología, Universidad Autónoma Metropolitana Unidad Cuajimalpa, Mexico City, Mexico, (9) NASA 
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This presentation shows that sepiolite and palygorskite collected from Torrejón El Rubio and Vallecas, Spain 
modulate the inflammatory environment at its initial phase, consequently modify the initial and late phases of 
inflammation as well as edema in skin. At the same time, both clay minerals exert an effect on the recruitment of 
neutrophils to inflamed skin. These clay minerals, particularly sepiolite, cause a down-regulation of pro-inflamma-
tory cytokine expressions, particularly those intrinsic of interleukin (IL-1) and tumor necrosis factor (TNF-α). The 
result is the modification of the local microenvironment at both stages of inflammation. We explain the effects of 
clay minerals on gene expression of pro-inflammatory cytokines because interactions between surface hydroxyl 
groups (≡Si-OH) and cytokines to form aggregates (e.g., ≡Si-O×××CO-NH-R), and subsequent stable organomin-
eral derivatives (e.g., ≡Si-O-CO-NH-R); [1]]. Specifically, we propose binding of cytokine-gene promoter moi-
eties at surface sites (type N or P) [2]. Taken together, results presented herein serve as the basis to support the 
potential use of these clay minerals as a therapeutic tool against inflammatory diseases. 

First, as determined by the 12-O-tetradecanoylphorbol-13-acetate model for inflammation [3], sepiolite and paly-
gorskite altered the expression of four pro-inflammatory cytokines, namely, interleukins IL-1 andIL-6, TNF-α, and 
interferon gamma (IFN-γ). 

Second, Reverse Transcription Polymerase Chain Reaction (RT-PCR) analyses after 4 and 24 h inflammatory stim-
uli showed that either clay mineral brought about a reduction in mRNA expression. Sepiolite provoked the highest 
mRNA expression inhibition for all cytokines, except for TNF-α, and primarily after 4 h. Conversely, the anti-in-
flammatory effect for cytokine TNF-α was found to be true in the presence of palygorskite. Most notably was the 
significant reduction in mRNA expression of IL-1, registered just shortly after exposure, in keeping with the notion 
that the anti-inflammatory effect may be important for modulation of the late inflammatory response. Furthermore, 
sepiolite and palygorskite caused modifications in the mRNA expression of IL-1 and its receptor in endothelial 
cells and downstreaming inflammatory cascades resulting in the recruitment of neutrophils. Most remarkably, the 
activity of polymorphonuclear peroxidase was severely reduced just after short exposure to either clay mineral. 

In summary, sepiolite and palygorskite impaired neutrophils infiltration to inflamed skin [4], notwithstanding ear 
edema and deficient cell localization to skin coupled with such impairment may affect the later stages of inflam-
mation [2,5].

[1] Fernández-Hernández M.N., Ruiz-Hitzky E. (1979). Interacciones de isocianatos con sepiolita. Clay Minerals 295-305. 
[2] López-Pacheco C.P., Nieto-Camacho A., Zarate-Reyes L., Kaufhold S., García Zepeda E., Cervini-Silva J. (2017). Sepiolite and palygor-

skite-underpinned regulation of gene expression of pro-inflammatory cytokines as determined by a murine inflammation model. Applied 
Clay Science 43-49.

[3] Merlos M., Gómez L.A., Giral M., Vericat M.L., Garcia-Rafarell J., Form J. (1991). Effect of PAF-antagonist in mouse ear oedema in-
duced by several inflammatory agents. British Journal of Pharmacology 990-994.

[4] Cervini-Silva J., Nieto-Camacho A., Ramírez-Apan M.T., Gómez-Vidales V., Palacios E., Montoya A., Ronquillo de Jesus E. (2015). 
Anti-inflammatory, anti-bacterial, and cytotoxic activity of fibrous clays. Colloids and Surfaces B: Biointerfaces 1-6.

[5] Juárez-Carbajal E., Ronquillo de Jesús E., Nieto-Camacho A., Kaufhold S., García-Romero E., Suárez M., Cervini-Silva J (2016). The 
role of sepiolite and palygorskite on the migration of leukocyte cells to an inflammation site. Applied Clay Science 315-319.
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HUMAN CANCER CELL GROWTH UNDERPINNED BY BENTONITES 
AND SEPIOLITES. I. STRUCTURAL CONSIDERATIONS

javiera Cervini-silva (1,2)*, maria teresa ramirez-apan (3), stepHan kaufHold (4), 
kristian ufer (4), eduardo palaCios (5), virGinia Gomez-vidales (3), paz del anGel (5), 
ascEncion montoya (5)
(1) Departamento de Procesos y Tecnología, Universidad Autónoma Metropolitana, Mexico City, Mexico, (2) NASA 
Astrobiology Institute, United States, (3) Instituto de Química, Universidad Nacional Autónoma de México, Mexico City, 
Mexico, (4) BGR Bundesansaltfür Geowissenschaftenund Rohstoffe, Stilleweg 2, D-30655 Hannover, Germany, (5) Instituto 
Mexicano de Petroleo, Mexico City, Mexico

This paper reports the roles of bentonite and sepiolite on the proliferation behaviour of two human cancer cells 
lines [U251 (central nervous system, glioblastoma) and SKLU-1 (lung adenocarcinoma)] supplied by the National 
Cancer Institute (USA)]. Four bentonites {collected from Argentine, Hungary, Indonesia, India; [1]}, and eight se-
piolites {China, Dominican Republic, Italy, Madagascar, Spain (2), Turkey (2); [2]} were screened in-vitro against 
the above human cancer cell lines. The effect of sepiolite on cellular proliferation was determined using the SRB 
protocol [3]. Cells were exposed to 50 μg mL−1 clay for 48 h. All experiments were conducted by quintuplicate.
Bentonites. Bentonites studied herein were characterized elsewhere [4]. Bentonites induced growth inhibition in 
the presence of U251 cells, and growth increment in the presence of SKLU-1 cells, explained because interactions 
between bentonite and cell surfaces are highly specific. The proliferation response for U251 cells was explained 
because clay surfaces controlled the levels of metabolic growth components, thereby inhibiting the development of 
high-grade gliomas, particularly primary glioblastomas. On the other hand, the proliferation response for SKLU-1 
was explained by an exacerbated growth favoured by swelling, and concomitant accumulation of solutes, and their 
hydration and transformation via clay-surface mediated reactions.
Sepiolites. Diffractograms showed characteristic patterns for sepiolite, with no evidence of significant accumula-
tion of secondary phases. XRF data confirmed the incorporation of Al, Fe and, Ti; and Ni, and different extent of 
isomorphic substitution (IS), either because of the inclusion of Al3+, Fe3+.2+, or Ti4+ in Si structural sites (IS at the 
tetrahedral sheet, T) or that of Ni2+ in Mg structural sites (IS at the octahedral sheet, O).
All sepiolites induced inhibition or increment on the proliferation response of U251 or SKLU cells, depending 
on the sepiolite; however no correlation between proliferation against composition or microporosity properties 
became evident. Most notably, sepiolites owning the highest microporosity (evidenced by surface area σs) of the 
sepiolite series, 343 m2 g−1, exerted the highest proliferation response for U251 and SKLU-1 cells, namely, 100% 
inhibition and 22.8 ± 12.1% increase, respectively.
Sepiolites owing very low contents of Al (Al2O3 ≤ 0.2%) and variable σs yielded the highest inhibition in U251 
cells proliferation, best accounted for by growth was limited by specific-adsorption mechanisms in which struc-
tural changes associated to Al-for-Si IS at T favoured the adsorption of metabolic growth components [epidermal 
growth factor receptor (EGFR)], thereby inhibiting the development of primary glioblastomas. On the other hand, 
increments (%) in SKLU-1 cells proliferation did not correlate with microporosity (measured σs values), yet two 
data clusters were identified, higher and lower data values, i.e., 22.8 ≤ % increment ≤ 39% (σs = 83, 220, or 343 
m2 g−1) and 6.9 ≤ % increment ≤ 14.2% (96 ≤ σs ≤ 266). The second group was composed by sepiolites, owing 
surface sites that catalyze the over expression of active in A. So, the growth behaviour for both U251 and SKLU-1 
cells was affected by Al at T via Al-for-Si IS if proceeded to a small degree. In all, however, the overall chemical 
composition lacked to serve as predictor for growth. In summary, structural considerations supported the idea that 
controlled cell growth by sepiolite was not limited by the retention of small solutes at inner surfaces. 
Whether the microporosity of clays and clay minerals exerted an effect on cell proliferation was strongly de-
pendent on structural properties, namely stacking properties and surface charge (determined as IS or contents of 
structural Al) [2].
[1] Cervini-Silva J., Ramírez-Apan M.T., Kaufhold S., Ufer K., Palacios E., Montoya A. (2016). Role of bentonite clays on cell growth. 

Chemosphere 57-61. 
[2] Cervini-Silva J., Ramirez-Apan M.T., Kaufhold S., Palacios E., Gomez-Vidales V., Ufer K., del Angel P., Montoya A. (2017). Cell prolif-

eration underpinned by sepiolite. Applied Clay Science 77-82.
[3] Monks A., Scudiero D., Skehan P., Shoemaker R., Paull K., Vistica D., Hose C., Lanfley J., Cronise P., Vaigro-Wolff A., Gra Goodrich M., 

Campbell H., Mayo J., Boyd M. (1991). Feasibility of a high-flux anticancer drug screen using a diverse panel of cultured human tumor 
cell lines. Journal of the National Cancer Institute 757-766.

[4] Kaufhold S., Dohrmann R., Koch D., Houben C. (2008). The pH of aqueous bentonite dispersions. Clays and Clay Minerals 338-343.
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PARTICLE SIZE-CONTROLLED ORDERED MESOPOROUS SILICA 
PARTICLES BY METAL-CHELATING MICELLE TEMPLATES 
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In this work, we report a highly ordered mesoporous silica particles with tunable morphology and pore-size which 
are prepared by the use of a transition metal-chelating surfactant micelle complex using Co2+, Ni2+, Cu2+, and 
Zn2+ ions. These metal ions formed a metal-P123 micelle complex in an aqueous solution, while the metal ions 
are chelated to the hydrophilic domain such as the poly(ethylene oxide) group of a P123 surfactant. The different 
complexation abilities of the utilized transition metal ions play an important role in determining the formation of 
nano-sized ordered mesoporous silica particles (MSPs) due to the different stabilization constant of the metal-P123 
complex. Consequently, from a particle length of 1,700 nm in the original mesoporous silica materials, the particle 
length of ordered MSPs through the metal-chelating P123 micelle templates can be reduced to a range of 180-800 
nm. Furthermore, the variation of pore size shows a slight change from 8.8 to 6.6 nm. In particular, the Cu2+-che-
lated MSNs show only decreased particle size to 180 nm. The stability constants for the metal-P123 complex 
are calculated on the basis of molar conductance measurements in order to elucidate the formation mechanism 
of MSPs by the metal-chelating P123 complex templates. In addition, solid-state 29Si, 13C-NMR and ICP-OES 
measurements are used for quantitative characterization reveal that the utilized metal ions affect only the formation 
of a metal-P123 complex in a micelle as a template. 



Scientific Research Abstracts
Vol. 7, p. 134, 2017
ISSN 2464-9147 (Online)
XVI International Clay Conference | ICC 2017 | Granada, Spain
© Author(s) 2017. CC Attribution 3.0 License

ANTIBACTERIAL CLAY HYBRID FILMS FOR FOOD PACKAGING 
APPLICATIONS 
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In this work, we report a novel processing route to synthesize antibacterial clay-hybrid polymer films for food 
packaging applications such as enhancement of air-permeability and antimicrobial assessment. In this process, 
sub-micron sized clay ceramic particles such as vermiculite, halloysite, and porous silica are mixed with a layer of 
polymer matrix with high packing density. Moreover, the controlled release properties of these hybrid films was 
also demonstrated with natural antimicrobials. The homogeneous loading and highly controlled-release formula-
tion of natural antimicrobials on the ceramic particles enable highly efficient and facile preparation able to reduce 
harmfulness. The mass fractions of each constituent can be adjusted independently. During the warm pressing 
stage, the submicon-sized particle fraction and the polymer are pressed into the void volume of the μm-sized parti-
cles, thus achieving a homogeneous, isotropic composite structure with high packing density of ceramic particles. 
The material, which can easily be produced in large quantities, combines a high modulus of elasticity, tensile 
strength and pronounced fracture strain with an isotropic, biocompatible, metal-free composition.
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TYRAMINE ADSORPTION ON Ca-MONTMORILLONITE
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Tyramine (TY) is one of the common biological amines found in fermented protein-rich foods and remains of 
marine animals after deterioration due to microbial enzymolysis [1]. The presence of TY in foods can cause aller-
gic reactions such as dyspnea, rash, vomiting, and trigger high blood pressure and other illnesses [2,3]. Similar to 
other amines, TY can be generated in the brewing processes of a variety of alcoholic beverages as well and thus 
its allowable concentration level is limited in many countries [4,5]. The TY has a low deterioration rate in the 
environment and its removal is difficult even with high temperature treatments [6]. Hence TY can be accumulated 
in aquatic environments through long-term contamination processes or due to a swift release from due to a sudden 
increase of mass animal remains or discarded foods, posing a threat to human health and economics [7]. Searching 
an effective adsorbent for TY removal becomes one of the key issues to control TY in the environment.

Adsorption properties and mechanisms of TY on a Ca-montmorillonite (SAz-2) were tested with batch adsorption 
experiments and HPLC, IC, XRD, and FTIR analyses. The adsorption kinectics matched a pseudo-second-order 
rate equation with equilibrium reached in 8 hrs. The adsorption was mediocrely fitted to both the Langmuir and the 
Freundlich isotherm models and a maximum adsorption capacity of 257 mmol/kg, approximately one fifth of the 
CEC value of the mineral at pH 6−6.5 was obtained, utilizing the Langmuir equation. A removal rate of ca. 88% 
was obtained using an initial TY concentration of 400 mg/L. The adsorption of TY and desorption of exchangeable 
cations exhibited a linear relationship with a slope of 0.36, implying the adsorption largely influenced by mech-
anisms of cation bridging or surface comlexation apart from cation exchange. The adsorption was exothermic 
and the Gibbs free energy of adsorption spanned from −22 to −28 kJ/mol in the temperature range of 30 to 60 
°C. X-ray diffraction results indicated no apparent changes of the basal spacing and hydrated Ca remained as the 
principal interlayer material of the montmorillonite before and after the adsorption of TY. The results suggested 
that Ca-montmorillonite may be used as an adsorbent for removal of TY from aqueous solutions and can be a host 
for TY in soil and sediments.

Keywords: Tyramine, Theoretical calculation, Montmorillonite, Adsorption energy.

[1] Liu S., Zhong S., Ma C., Li P., Yang X. (2012). Assessment of spoilage progress for chilled tilapia fillets according to biogenic amines 
changes. Transactions of the Chinese Society of Agricultural Engineering, 28, 277−282. 
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MINERALOGY AND FLUID CONTENT OF SEDIMENTS ENTERING THE 
COSTA RICA SUBDUCTION ZONE - IODP EXPEDITION 344
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IODP Exp. 344 Science Party UMR Chrono-Environnement, Université de Bourgogne Franche-Comté, 16 route de Gray, 
F-25030 Besançon, France

Offshore Costa Rica, the Cocos Plate subducts under the Caribbean plate forming the southern end of the Middle 
America trench. A high convergence rate and almost complete subduction of incoming sediments make the Costa 
Rica margin an extremely dynamic environment. The Costa Rica Seismogenesis Project (CRISP) is designed to 
understand the processes that control nucleation and seismic rupture of large earthquakes at erosional subduction 
zones. Site U1414 of IODP Exp.344 was drilled to investigate the material from the incoming Cocos Plate. 

A key parameter of incoming plate is mineralogy, and fluid content and release because they impact deformation 
within the subduction complex. We therefore decided to characterize sediment composition and quantify the dif-
ferent types of water at Site U1414. Mineralogical and geochemical investigations were performed using X Ray 
Diffraction, Cation Exchange Capacity measurements, carbon analyses and sequenced extractions in NaOH. Fluid 
characteristics were approached by thermal gravimetric analyses.

The sedimentary sequence can be divided into three major sedimentary units. The first one is a hemipelagic silty 
clay to clay with a gradual increase of calcareous nannofossils. The dominant minerals are mixed layered clay min-
erals (I/S and Chl/S) and kaolinite with zeolites. Other minerals like quartz, feldspar and calcite are also present. 
Small amounts of biogenic opal have been quantified. Unit II is composed of nannofossil-rich calcareous ooze. 
The proportion of biosilica is variable and can reach 10 wt.%. Unit III is a lithified carbonaceous sandstone with 
zeolites and opal CT.

Fluid content that can be released for T<500 °C varies from about 15 wt.% in Unit I to 4 wt.% in Unit III. The 
presence of smectite yields to fluid release by dehydration and dehydroxylation in Unit I. Realease of water by 
biogenic opal is also observed. It seems to be the main source of fluid in the second unit, whereas in Unit III it is 
zeolite water.



Scientific Research Abstracts
Vol. 7, p. 137, 2017
ISSN 2464-9147 (Online)
XVI International Clay Conference | ICC 2017 | Granada, Spain
© Author(s) 2017. CC Attribution 3.0 License

PREPARATION AND SOLID STATE CHARACTERIZATION OF 
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Diclofenac sodium (DS) is a widely used non-steroidal anti-inflammatory drug (NSAID) used in pain and inflam-
mation with recognized gastrointestinal side effects [1]. In the present study, a nanocomposite made up from Tu-
nisian purified montmorillonite (MMT) and chitosan (CS) was developed as a drug carrier of DS via intercalation 
solution technique as an attempt to increase therapeutic effectiveness and reduce side effects.

X-ray powder diffraction (XRPD), thermogravimetric analysis (TGA), differential scanning calorimetry (DSC) 
and Fourier transformed infrared spectroscopy (FTIR) were employed for the characterization. XRPD were done 
by using a Philips® X-Pert diffractometer with Cu Kα radiation. TGA and DSC analyses were carried with a 
METTLER TOLEDO mod. TGA/DSC1, equipped with a FRS5 sensor and a microbalance (precision 0.1 μg) 
(Mettler-Toledo GMBH). TGA samples were subjected to a heat interval of 30-950 ºC, while DSC were done 
between 30-400 ºC. Both of them used a heat rate of 10 °C/min under aerobic conditions. FTIR was performed in 
atmospheric conditions by using a JASCO 6200 (resolution 0.25 cm-1, 400-4000 cm-1), equipped with an attenuat-
ed total reflectance accessory. FTIR data were processed with Spectra Manager v2.

Results obtained by TEM and XRD confirmed that the anionic drug was successfully loaded in the nanocomposite 
structure. TGA and DSC results were in agreement with XRD data revealing an intercalation of DS and CS in the 
MMT interlayer gallery. When intercalated into clay mineral structure, organic compound showed higher thermal 
stability. FTIR results showed peaks of diclofenac endorsing the intercalation of the drug via cation exchange in 
the clay-polymer interlayer.

Thus our study can be fruitful for biomedical applications by using the simple and non-toxic approach described in 
our study for the synthesis of clay loaded nanocomposites as carriers for different therapeutic molecules.

Acknowledgements: this study was supported by the Project CGL2016-80833-R and group CTS-946.
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Palygorskite is a kind of natural clay with fibrous rod-like microstructure. It has been applied in many areas such 
as inorganic-organic polymer hybrids, fertilizer suspensions, drilling fluids, pharmaceutical industries, catalyst, 
catalyst support, etc. However, palygorskite ore is usually in a tightly aggregated state. The dispersion of palygor-
skite aggregates into smaller crystal bundles or even single crystals is very important and necessary for the efficient 
application of palygorskite. 

We designed a constant pressure experiment to prove the feasibility of dispersing palygorskite by steam explo-
sion. We achieved nanodispersion of palygorskite by regulating comprehensive force field [1]. Further more, we 
developed the process of modification-nanodispersion-desiccation integration for the dispersion of palygorskite. 
The results indicate that the dispersive medium with higher polarity, lager saturated vapor pressure, higher specific 
heat, and lower boiling point is benifical to disperse palygorskite crystal bundles during the stream explosion. Syn-
ergistic effect of proper water and nitrogen not only give play to the salvation effect of water but also decrease the 
use volume of water, which can effectively avoid palygorskite reaggregation. Water is the best dispersive medium, 
but the dispersed nanorod tends to reunite strongly; palygorskite dispersed by water can’t avoid reaggregation 
even replaced by organic solvent; the organic medium might hybridize with palygorskite similar to the synthesis 
of Maya blue during drying process.

We also inverstigated the liquid crystalline phase behavior of dispersed palygorskite crystals in liquid phase [2]. 
The dispersed palygorskite can spontaneously transform into typical nematic phase according to nucleation growth 
mechanism; concentration is the key factor for the transformation. Dry-palygorskite hybrids can also form similar 
nematic phase, and the greater the density, the more obvious the dichroism of the hybrids.

The dye-palygorskite hybrid mechanism was studied and its possibility of utilization as function probe for met-
al ions was also inverstigated [3,4]. Dye molecules which go deep into the channels or grooves can get perfect 
chemical stability. In the hybrid, distortion occurred in the clay crystal lattice and the dye molecular structure. 
Electro-donating substituents is in favour of the hybrid, but the electro-withdraw substituents can dicrease hybrid 
activity. During hybridization, palygorskite always catalyzed the demethylation of N(CH3)2 of the dye. The hydro-
phobicity dye can spreed over palygorskite surface by hybridizing with the clay, which benefit the dye to unfold its 
molecular structure in aqueous phase. A novel hybrid of rhodamine-palygorskite was synthesized, to identify Cu2+ 
quickly in water solution with high selectivity and sensitivity.

Pd-B amorphous alloy was successfully supported on the surface of nano-clay palygorskite (PAL) via a simple 
chemical reduction method [5]. Compared with the conventional supported Pd catalyst, the Pd-B/PAL amorphous 
catalyst possessed an ultra-high selectivity (100%) to o-chloroaniline (o-CAN) in the hydrogenation of o-chloroni-
trobenzene (o-CNB) to o-CAN and avoided the dechlorination of o-CNB. XPS analysis indicated that PAL support 
could reduce the electron density of Pd atoms and suppressed the hydrogenolysis of C-Cl bond. Meanwhile, the 
Pd-B/PAL amorphous catalyst exhibited a good stability. It will be a prospective catalyst for the selective hydro-
genation of chloronitrobenzene to chloroaniline.

[1] Wang L., Hui J., Chen Q., Li D., Jin Y., Ding S., Chen J. (2015). Dispersion and crystal-bundles dissociations of palygorskite based on 
isopropyl alcohol steam explosion, Journal of The Chinese Ceramic Society, 1156-1161.

[2] Jing H., Sun G., Wang Z., Jin Y., Ding S., Jiang J., Chen J. (2016). Homogeneous classification and liquid-crystal phase forming of paly-
gorskite aqueous suspensions, Non-Metals Mines (Chinese), 1-3.

[3] Li D., Chen Q., Jin Y., Ding S., Jiang J., Chen J. (2016). Wet dispersion of palygorskite based on organic dispersion media, Journal of 
China University of Mining & Technology, 1251-1255.

[4] Zhou W., Liu H., Xu T., Ding S., Chen J. (2014). Insertion of isatin molecules into the nanostructure of palygorskite, RSC Advances, 
51978-51983.

[5] Wu M., Xu Y., Jiang J., Ju J., Zeng Q., Duanmu C., Gu X., (2016). Preparation of Pd-B/palygorskite amorphous catalyst for the selective 
hydrogenation of o-chloronitrobenzene to o-chloroaniline, Micro & Nano Letters, 315-318.
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As the most likely products of chemical weathering, hydrothermal alteration and sedimentary deposition, phyllo-
silicate minerals are common accessory minerals in several mineral deposits including copper porphyrys, nickel 
laterites, volcanic volatile-rich igneous rocks and coal deposits [1]. The phyllosilicates are an important group 
of minerals that includes kaolinite, montmorillonite, illite, micas, chlorite, serpentine, talc, and etc. Therefore, it 
is necessary to find out a facile characterization techniques to identify phyllosilicate minerals [2]. In the present 
study, the portable visible and near-infrared (vis/NIR) spectroscopy was used to characterize and differentiate 
the five phyllosilicate minerals and relate the bands to the mineral structure. The feature band at 2160-2170 nm 
(4600-4630 cm-1) has been assigned to the high presence of Al-OH and is described as typical of dioctahedral 
phyllosilicate with OH groups coordinated around Al, and the feature occurred near 2322 nm is considered to be 
due to a combination of the OH stretch with the Mg-OH deformation mode, which is a typical of trioctahedral 
phyllosilicates. The presence of the bands 1400 and 1900 nm in vis/NIR spectrum indicated that some water is 
present in this sample. The absence of a 1900 nm band but the presence of a 1400 nm band indicates that only OH 
is present. Moreover, the significant differences between the five minerals were observed by the portable vis/NIR 
spectroscopy. The main differences between the five phyllosilicate minerals are observed by vis/NIR spectroscopy. 
A typical band near 2200 nm resolves into a double located at 2208 and 2166 nm in the spectrum of the mineral 
kaolinite, and another special band near 1400 nm resolves into two bands at 1392 and 1414 nm for the mineral 
kaolinite. Only two broad bands were observed the spectrum of antigorite. But several weak bands were observed 
in the vis/NIR spectrum of talc. The spectrum of the mineral muscovite sample showed a typical band at 2197 nm 
with two shoulders in the region between 2000 and 2400 nm, and it also had a broad band at 1414 nm. A typical 
band observed at 2172 nm with two shoulders was observed in the spectrum of the mineral pyrophyllite. Further-
more, the vis/NIR spectrum of pyrophyllite was dominated by very strong molecular water bands near 1400 and 
1900 nm due to the bound water typical of pyrophyllite. The results show a potential for the application of vis/NIR 
spectroscopy in the identification and quantification of the minerals in the field. Further, such analysis can also 
provide important constraints on the nature of putative global and local-scale mineralogical transitions on Mars. 
Therefore, a new prospecting approach is discussed which helps to know a simple and user friendly technique to 
identify mineralization and field characterization can be done.

[1] Ndlovu B., Farrokhpay S., Bradshaw D.(2013). The effect of phyllosilicate minerals on mineral processing industry. Int J Miner Process, 
125,149-156.

[2] TaoQ., Reddy B.J., He H., Frost R.L., Yuan P., Zhu J. (2008). Synthesis and infrared spectroscopic characterization of selected layered 
double hydroxides containing divalent Ni and Co, Materials Chemistry and Physics, 112, 869-875.
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The complex physico-chemical interactions occurring in a clay-lime system involves number of strongly coupled 
processes, such as short-term cation exchange reactions and flocculation mechanism as well as long-term poz-
zolanic reactions [1,2]. The adsorption of free lime significantly alters the physico-chemical and surface charge 
properties of clay minerals [3,4,5]; consequently, it has compounding effects on the overall kinetics of immediate 
and long-term reactions occurring in clay-lime system. Furthermore, each of these physico-chemical processes 
proceed at different rates due to the influence of various governing parameters such as inherent clay mineralogy 
and reactive nature of soil, as well as the pore fluid chemistry (viz., pH and ionic strength) [6,7,8,9]. In this context, 
aim of the present study is to improve the current understanding on the mechanisms of calcium sorption on clay 
minerals in a fundamental stand view of their reactive nature.

For experimental analysis, two commercial clays (white clay, WC and brown clay, BC) and a natural silty clay 
(SC) are selected and characterized for their physico-chemico-mineralogical properties (viz., pH buffering capaci-
ty (pHBC), cation exchange capacity (CEC), silica sesqui-oxide ratio (SSR)). The conventional batch-equilibrium 
sorption experiments are conducted to evaluate the characteristic sorption-desorption properties of selected soils 
for calcium ions, as a function of liquid-to-solid ratio, calcium concentration, temperature and pH. The equilibri-
um calcium concentration data of various sorption systems is procured and modelled using theoretical adsorption 
isotherms. From the obtained results, a considerable variation is observed in the sorption ability of the three clays 
owing to disparity in their reactive nature (reflected in terms of pHBC, CEC and SSR). A pH-dependent increase in 
calcium holding capacity is observed; this might be partly due torapid increase in the net negative surface charge, 
thereby enhancing affinity for calcium ions. Yet another reason can be the accelerated dissociation of weakly acidic 
Si-OH groups (exposed on edges of clay minerals) at high pH, and hence, providing more reactive sites for calcium 
sorption. The elevated temperature increases calcium sorption density, which might be attributed to the tempera-
ture dependent increase in silica dissolution from clay minerals [10]. In addition, the electrokinetic studies in terms 
of zeta potential variation also indicate significant alteration of surface charge properties of clay minerals owing 
to sorption phenomena. Further investigations on speciation of calcium in the presence of dissolved clay minerals 
are carried out with the aid of XRD and FTIR techniques. The obtained results show consistent lowering of silica 
intensities with increasing pH which illustrates incongruent dissolution of reactive silica. It is expected that at high 
pH condition the available free calcium can form new species with dissolved silica by surface complexation. On 
the whole, it can be inferred that the influence of pore fluid chemistry upon calcium sorption capacity of clay is 
mainly derived from the changes in its reactive nature, being manifested as variations in surface charge properties 
and dissolution kinetics. 

[1] Cherian C., Arnepalli D.N. (2015). A critical appraisal of the role of clay mineralogy in lime stabilization. International Journal of Geo-
synthetics and Ground Engineering, Springer, 1(8): 1-20, doi:10.1007/s40891-015-0009-3.

[2] Cherian C., Arnepalli D.N. (2016). Re-appraisal of physico-mechanical stability of lime treated soils. Proceedings of Indian Geotechnical 
Conference, 15-17 December 2016, Chennai, India, pp. 1-4.

[3] Atesok G., Somasundaran P., Morgan L.J. (1988). Adsorption properties of Ca2+ on Na-Kaolinite and its effect on flocculation using pol-
yacrylamides. Colloids and Clay Surfaces, 32: 127-138, doi:10.1016/0166-6622(88)80009-X.

[4] Karak T., Das D.K., Singh U.K., Maiti D. (2005). Influence of pH on soil charge characteristics and cadmium sorption in some noncon-
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For the storage of highly radioactive waste in a deep geological repository a multi-barrier concept is favoured, 
which combines a technical barrier (canister including the highly radioactive waste), a geotechnical barrier (e.g. 
bentonite) and the geological barrier (host rock). Due to their properties, namely a high swelling capacity and a low 
hydraulic conductivity, bentonites fulfil in this system a sealing and buffering function. For the potential reposito-
ry of nuclear waste the microbial mediated transformation of bentonite could influence its properties as a barrier 
material. To elucidate the microbial potential within selected bentonites, microcosms were set up, which contain 
20g bentonite and 40ml anaerobic synthetic Opalinus-clay-pore water solution under an N2/CO2-gas-atmosphere. 
Substrates like acetate and lactate were supplemented to stimulate potential microbial activity. Microcosms were 
incubated in the dark, without shaking at 30 °C. Within an indefinite time scale samples were taken at different 
time-points of incubation and were analysed regarding geochemical parameters like pH, O2-concentration, redox 
potential, iron-concentration and sulphate-concentration as well as biological parameters like the consumption 
and formation of metabolites. First results show that bentonites represent a source for microbial life, demonstrated 
by the consumption of lactate and the formation of acetate and pyruvate. Furthermore, microbial iron-reduction 
was determined. The results reveal the importance of the selection of the best suitable bentonite in order to avoid 
transformation of the mineral structure by indigenous microbes.
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The necessity of lowering CO2 emissions requires a noteworthy transformation of the future energy and fuel 
supply. A feasible approach is the utilization of this greenhouse gas as a raw material to procure useful fuels and 
chemicals [1]. In particular, the reaction of CO2 with renewable hydrogen allows sustainable production of meth-
ane, which is an easily transportable and storable energy source. The reaction (1) of CO2 with hydrogen that forms 
methane and water (also referred to as the Sabatier reaction) is a highly exothermic. According to Le Chatelier’s 
principle, low temperatures and high pressure shift the equilibrium to the products side.

CO2 + 4H2 ⇄ CH4 + 2H2O  ΔH298K = - 164,9 kJ·mol-1        (1)

Due to the high stability of CO2 a catalyst is needed to overcome the significant kinetic barriers of this reaction. 
Transition metals catalysts, including Ni, Ru and Rh, with different supports (Al2O3, zeolite, SiO2) have been 
demonstrated to be active in this reaction [2]. In the present work, a promising catalyst based on natural sepiolite 
promoted with Ni has been developed and studied in the CO2 methanation. Sepiolite based catalyst has been char-
acterized in order to know its most relevant physicochemical properties. The effect in the catalytic performance 
of different synthesis methods and reaction conditions (temperature, molar ration and partial pressure) has been 
also explored and a preliminary kinetic study is presented for the first time for this type of clay promoted with Ni. 

Firstly, natural sepiolite containing 20 wt.% of Ni wwas prepared using three different preparation methods: pre-
cipitation (P), incipient wetness impregnation (IWI) and wet impregnation (WI). Secondly, the best method for 
Ni incorporation was used to prepared sepiolite based catalysts with different levels of Ni (5-35 wt.%) in order to 
find its optimal concentration. Finally, a kinetic study was carried out on the optimized sepiolite based catalyst. 

Ni(NO3)2·6H2O was used as Ni precursor for the preparation of sepiolite based catalysts. After Ni incorporation the 
samples were calcined at 450 °C for three hours and activated in situ before reaction with H2 at the same tempera-
ture for two hours. Catalysts were characterized by XRD, ICP-OES, BET surface area, TPR and H2 chemisorption. 
Test reactions for the research of Ni incorporation methods and level of Ni were carried out in a flow fixed bed 
reactor at GHSV of 9000 mL/(gcat·h), H2:CO2 ratio of 4, atmospheric pressure and a reaction temperature between 
250 and 450 °C. Kinetics study was carried at differential conditions. GHSV and reaction temperature were varied 
between 73440 and 116640 mL/(gcat·h) and 250 and 290 °C, respectively.

In the study of the influence of the Ni incorporation methods was found that the sample prepared by precipitation 
exhibited the highest CO2 conversion values, especially at low reaction temperatures. The better activity of this 
catalyst is explained by its lower reduction temperature of the incorporated Ni, what allows a greater exposure of 
Ni metallic surface. The highest CO2 conversion was obtained with the 30wt.% Ni incorporated sample, which 
also showed the highest proportion of exposed Ni metallic surface. The results of the kinetic studies carried out 
using the 30 wt.% of Ni samples suggest that the operating conditions (temperature, molar ratio of CO2 and H2 
and partial pressure of products) had a significant influence on the CO2 conversion. Power rate law expression and 
Langmuir-Hinshelwood mechanism have been considered for the kinetic analysis. 

Our results show that the natural sepiolite prepared by precipitation of 30 wt.% of Ni is a promising catalyst for the 
sustainable production of methane from an atmosphere contaminant as the CO2.

[1] Aresta M., Dibenedetto A., Angelini A. (2013). Catalysis for the valorization of exhaust carbon: from CO2 to chemicals, materials, and 
fuels. Technological use of CO2. Chemical reviews, 114(3), 1709-1742.

[2] Su X., Xu J., Liang B., Duan H., Hou B., Huang Y. (2016). Catalytic carbon dioxide hydrogenation to methane: A review of recent studies. 
Journal of Energy Chemistry, 25(4), 553-565.
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The Patricia Zn-Pb-Ag deposit represents an example of polymetallic epithermal mineralization, unusual in north-
ern Chile. The sulfide mineralization occurs as W-E oriented veins hosted in volcanic rocks, mainly andesite of 
Upper Cretaceous to Middle Tertiary age. Three main stages of mineralisation have been defined in the Patricia 
deposit: (1) pre-ore stage, (2) base-metal stage which is divided into two substages: substage 2A and substage 2B, 
and (3) post-ore stage. The pre-ore and post-ore stage is characterized by quartz, pyrite and arsenopyrite whereas 
the second stage is characterized by sphalerite, galena and minor amounts of Ag-bearing minerals. Two textural 
types of chlorite are identified within the mineralised veins of Patricia deposit: massive and oscillatory-zoned ra-
diated chlorites. Both types of chlorite are classified as chamosite and occur coeval to the sphalerite precipitation 
during the substage 2A. Massive chlorite shows an average content of 33 wt.% FeO, 4.9 wt.% MnO, and 4 wt.% 
MgO. Oscillatory zoning in radiated chlorites consists of concentric bands with different contents on FeO (from 
26.45 to 41.41 wt.%), MgO (from 1.7 to 5.44 wt%) and MnO (from 1.7 to 9.32 wt.%). 

Temperature and pressure of mineralising fluids are essential parameters to characterise ore forming processes in 
hydrothermal systems. Changes in chemical and/or physical conditions during the sequence of mineralisation are 
reflected in banded veins and comb, crustiform and colloform textures as well as compositionally zoned minerals. 
Several methods are commonly used to trace thermal variations within hydrothermal systems, including fluid in-
clusions studies, stable isotopes and mineral geothermometry. However, careful paragenetic determinations on the 
mineralogical assemblage are essential for obtaining meaningful results from the geothermometric methods. The 
aim of this study is to calculate the temperature to both types of chlorites using four different chlorite geothermom-
eters [1,2,3,4] based on the system SiO2-Al2O3-FeO-MgO-H2O, and contrasting the results with fluid inclusions 
data [5]. The temperature estimations are in agreement with temperatures data of fluid inclusions previously meas-
ured in sphalerite of the sub-stage 2A. Despite the high content in Mn of chlorites, the study confirms the applica-
bility of the chlorite geothermometers without the knowledge of the Fe3+/Fe ratio in low-pressure paragenesis and 
its usefulness as an important tool for characterising the thermal conditions in epithermal ore deposits.

[1] Vidal, O., Lanari, P., Muñoz, M., Bourdelle, F., de Andrade, V., (2016). Temperature, pressure, oxygen activity conditions of chlorite 
formation. Clay Minerals, 51 (4), pp. 615-633.

[2] Inoue, A., Meunier, A., Patrier-Mas, P., Rigault, C., Beaufort, D., Vieillard, P., (2009). Application of chemical geothermometry to 
low-temperature trioctahedral chlorites. Clay and Clay Minerals. 57, 371-382.
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RECENT DEVELOPMENTS IN ELECTRON AND ION MICROSCOPY FOR 
CLAY RESEARCH
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A plethora of advanced instrumentations and technologies are available for scientific and engineering research at 
the nano- and subnano-meter scale. High resolution and analytical tools are enable researchers to accurately un-
derstand and deduce the microstructure, composition, and behavior of small clay particles. Recent developments 
in electron microscopy (EM) and focused ion beam (FIB) technology have resulted in very powerful and indis-
pensable tools that greatly enhance clay research. Furthermore, in-situ experiments at the nano-scale are crucial 
in understanding the natural processes (interactions and reactions) of clay materials. This paper presents unique 
applications of FIB in sample preparation and clay characterization. Additionally, the application of various in-situ 
experiments of clays, including microstructural examination of wet specimens, in both scanning electron micros-
copy (SEM) and transmission electron microscopy (TEM) using ionic liquids will be introduced.

Clay materials, both synthetic and natural samples (from different localities), were examined using different tech-
niques. Experimental results will be presented and discussed in this paper. Conventional sample preparation of 
small clay particles (such as drop of clay suspension on various substrates, or grinding and polishing for ion 
milling and ultra-microtoming) for individual clay particles, especially at interfaces has been difficult due to the 
minute size and property differences. Using a combined FIB/SEM (dual-beam) technique, specimen cutting and 
imaging can be performed simultaneously and precisely (site specific). Microstructures and microchemistry of 
clay particles/assembles can thus be reconstructed and presented in 3D using modern computer software. Time 
of flight secondary ion mass spectroscopy (ToF-SIMS) attached on modern FIB/SEM provides depth profile of 
elemental distribution and concentration. An attached cathodoluminscence (CL) detector enables production of 
high-resolution digital cathodoluminescent (CL) images of luminescent materials. Results will be presented that 
demonstrated the unique, versatile application of dual beam FIB/SEM with attached analytical equipment in clay 
materials research. 

Special EM sample holders have been developed and fabricated for in-situ, high-resolution, investigative experi-
ments in EM. One long-standing challenge of clay research is specimen preparation for investigating naturally wet 
specimen in EM. In addition to wet-cell environmental TEM (WETEM) and cryo-TEM, a new simple technique 
uses the application of ionic liquid to examine wet clays in both TEM and SEM. Ionic liquid (also known as 
liquid electrolyte), is a salt in liquid state that has high conductivity, high affinity to biological organism that are 
typically solid in ambient temperature, high osmotic pressure, and zero vapor pressure. These special properties 
allow for investigation of natural wet clay samples in a regular, high vacuum SEM and TEM without dehydration 
and coating of conductive materials on the clay (specimen) surface. Electron diffraction patterns reveal that water 
molecules remained in clay particles despite immersion in the high vacuum environment EM column. Examples of 
the application of ionic solution to study wet specimen in SEM and TEM will be shown and discussed.
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The crystallographic structure of clay minerals has been well known for decades. X-ray diffraction (XRD) has 
been the major and most popular method in clay minerals research. The technique is based on the identification of 
d-spacing obtained from (00l) prefer-oriented mounted clay samples with different treatments; and heating treat-
ment of clay minerals at various elevated temperatures is the typical criteria for clay identification. It is known that 
the reduction of basal (d-) spacing is due to the collapsing of lattice structure on the c-axis by losing water mole-
cules and organic matters at higher temperatures. While the intensity of basal plane (00l) spacing of clay minerals 
is variable under increased temperature, eventually all clay minerals become amorphous after exposure to higher 
temperatures. Problematically, research investigating heating treatment and mechanisms of amorphization are 
currently lacking. This research capitalizes on the unique capabilities of environmental TEM (ETEM) to examine 
the process of smectite amorphization under in-situ heating in TEM.

Smectite (Wyoming bentonite) was selected for this research. Wyoming bentonite was crushed, dispersed in deion-
ized water, and less than 0.2 μm smectite was collected using a sedimentation method. A very small drop of smec-
tite suspension was pipetted on a holey carbon grid and air-dried. The smectite specimen was then placed onto 
a TEM heating holder/stage (Gatan, Inc) that enabled heating of the sample from room temperature to different 
temperature settings up to 1,100 °C. Smectite was heated at 100 °C, 300 °C, 500 °C, 700 °C, 800 °C, 900 °C and 
1,000 °C in the TEM for different lengths of time. Morphology and electron diffraction studies were carried out 
using JEOL 2100 TEM equipped with Oxford EDS system and Gatan CCD camera. 

Morphology of smectite before and after various heating treatments was investigated. The majority of smectite 
particles (platy flakes) appeared relatively stable with very little change before 550 °C. More drastic changes of 
the smectite morphology were observed when smectite clays were heated between 550 °C to 700 °C. With in-
creased temperature and the duration of heating, TEM images showed that edges of the smectite flakes appeared 
unclear, indistinct, and homogeneous such that it resembled to amorphous materials. High resolution TEM images 
also depicted some loss of lattice spacing after heating at 550 °C. After heating at 700 °C the size and volume of 
amorphization increased, and only a few lattices remained in several particles. The result of selected area electron 
diffraction (SAD) is consistent with TEM study. However, SAD patterns showed the onset of diffused diffraction 
rings at 550 °C. A few diffraction rings were enhanced in sharpness and intensity which indicated crystallization 
had occurred through temperature heating. However, diffraction patterns quickly weakened after heating at 700 
°C, becoming broadly diffused except in some diffraction spots due to the presence of non-smectitie nanoparticles. 

 Notably, small nanoparticles particles of 5 ~10 nm in diameter were observed on thin sheets of smectite after 
heating at 550 °C. Those nanoparticles were identified as pure Cu. The size and amount of Cu nanoparticles in-
creased with the increase of temperature. At 700 °C the vast majority of smectite particles were covered with Cu 
nanoparticles. Heating at 800 °C showed increased size of Cu nanoparticles on smectite, and the formation of large 
euhedral Cu particles (>150 nm in diameter) on the supporting carbon substrate. Cu particles grew to 500 nm in 
diameter after heating at 900 °C and remained visible on smectite particles. The Cu particles likely formed at as a 
result from heating process of the Cu grid. While heating the sample (and thus the Cu grid) to 550 °C or higher, a 
very small amount Cu vapor from the grid was condensed and adsorbed on the negatively charged surface of the 
smectite. This in-situ TEM heating experiment illustrated the evolution of smectite microstructure with heating 
treatment. The formation of Cu nanoparticles on the smectite surface also provided another means to investigate 
the surface chemistry of smectite at higher temperature. 
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Co-CONTAINING HYDROTALCITE-LIKE MATERIALS AS PRECURSORS 
OF EFFECTIVE CATALYSTS FOR METHANOL COMBUSTION - ROLE OF 
Co CONTENT, Mg/Al RATIO AND CALCINATION CONDITIONS 
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Hydrotalcites, called also layered double hydroxides (LDHs), are minerals characterized by the brucite-like net-
work, Mg(OH)2, where octahedra of Mg2+ are six-coordinated to OH-. Part of Mg2+ cations is substituted by tri-
valent aluminium cations, what results in the positive charging of the brucite-like layers compensated by anions 
(typically CO3

2-), which together with water molecules are located in the interlayer space of hydrotalcite. It is 
possibly to relatively easy synthetize materials with the hydrotalcite-like structure in laboratory conditions. In such 
hydrotalcite-like materials Mg2+ as well as Al3+ ions can be partially or completely replaced by various di- (e.g. 
Cu2+, Co2+) and/or trivalent (e.g. Fe3+, Cr3+) cations, respectively. The range of various metal cations that can be 
incorporated into the brucite-like layers is relatively broad and is determined by their size, which should be similar 
to that of Mg2+ in the case of divalent cations and to Al3+ in the case of trivalent cations. Thermal decomposition 
of hydrotalcite-like materials results in the formation of mixed metal oxides, which due to their relatively high 
surface area, porosity and homogenous distribution of metal cations are very interesting for potential application 
in catalysis [e.g. 1-3], including also the processes of catalytic VOCs combustion [e.g. 4,5].

Hydrotalcite-like materials containing cobalt, magnesium and aluminium were synthesized by co-precipitation 
method. The structure of the obtained materials was characterized by XRD studies, which showed apart from 
hydrotalcite no other phases. Thermal decomposition of hydrotalcite-like materials was studied by combined ther-
mogravimetric method with analysis of evolved gas products (QMS). Hydrotalcite-like materials were calcined at 
600, 700 and 800 °C in air atmosphere. In diffractogram of the samples calcined at 600 and 700 °C only reflections 
characteristic of periclase (MgO) were identified, while calcination of the samples at 800 °C resulted also in the 
formation of the spinel phases. The obtained Co-Mg-Al mixed metal oxides were tested as catalysts for methanol 
combustion (methanol as model VOC molecule). Catalytic performance of the oxides depended on cobalt content, 
Mg/Al ratio and calcination temperature. The catalysts with lower cobalt content, higher Mg/Al ratio and calcined 
at lower temperatures were less effective in the process of methanol combustion. In a series of the studied catalysts 
the best results, with respect to high catalytic activity and selectivity to CO2, were obtained for the mixed oxide 
with Co:Mg:Al molar ratio of 10:57:33 calcined at 800 °C. High activity of this catalyst was likely connected with 
the presence of a Co-Mg-Al spinel-type phase formed during high-temperature treatment of the hydrotalcite-like 
precursor. It seems that the Co3+-containing spinel-type phase, very likely the MgCoxAl(2-x)O4 mixed oxide; is 
more catalytically active in methanol combustion than other cobalt-containing phases formed during calcination 
of the hydrotalcite-like precursor. High catalytic activity of the spinel phase was ascribed to the relatively easy 
reducibility of Co3+ to Co2+ cations identified by cyclic voltammetry (CV) and temperature programmed reduction 
(H2-TPR) measurements.

[1] Chmielarz L., Węgrzyn A., Wojciechowska M., Witkowski S., Michalik M. (2011). Selective catalytic oxidation (SCO) of ammonia to 
nitrogen over hydrotalcite originated Mg-Cu-Fe mixed metal oxides. Catal. Lett. 141, 1345-1354.

[2] Cavani F., Trifiro F., Vaccari A. (1991). Hydrotalcite-type anionic clays: preparation, properties and applications. Catal. Today 11,173-
301.

[3] Nishida K., Li D., Zhan Y., Shishido T., Oumi Y., Sano T., Takehira K. (2009). Effective MgO surface doping of Cu/Zn/Al oxides as 
water-gas shift catalysts. Appl. Clay. Sci. 44, 211-217.

[4] Jabłońska M., Chmielarz L., Węgrzyn A., Góra-Marek K., Piwowarska Z. Witkowski S., Bidzińska E., Kuśtrowski P., Wach A., Majda 
D. (2015). Hydrotalcite derived (Cu, Mn)-Mg-Al metal oxide systems doped with palladium as catalysts for low-temperature methanol 
incineration. Appl. Clay Sci. 114, 273-282.

[5] Chmielarz L., Piwowarska Z., Rutkowska M., Wojciechowska M., Dudek B., Witkowski S., Michalik M. (2012). Total oxidation of se-
lected mono-carbon VOCs over hydrotalcite originated metal oxide catalysts. Catal. Comm. 17, 118-125.
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POROUS CLAY HETEROSTRUCTURES (PCH) INTERCALATED WITH 
SiO2-Al2O3, SiO2-TiO2 AND SiO2-ZrO2 PILLARS AS PROMISING CATALYST 
OF DEHYDRATION OF METHANOL IN DIMETHYL ETHER
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Clay minerals, especially those belonging to the group of smectites, attract much interest due to their possible ap-
plications in various industries. Many scientific reports presenting various methods of their modifications includ-
ing surfactant-directed intercalation with silica pillars (PCHs - porous clay heterostructures) were published [e.g. 
1]. This method of clay minerals modification appears to be very promising due to high surface area and porosity 
as well as high thermal and hydrothermal stability of the obtained PCH materials. Moreover, surface acidity and 
ion-exchange properties, make these materials very promising for the potential applications in catalysis. The prop-
erties of PCH materials can be designed by using various layered clay minerals characterised by different density 
of acid sites and ion-exchange potential [2]; surfactants and co-surfactants of various structure and size to design 
pore diameters in PCHs; incorporation of various components into the silica pillars to generate additional acid sites 
and/or ion-exchange properties [3]. PCH materials containing apart from silica also other components generating 
acid sites were studied in the role of catalysts for dimethyl ether synthesis from methanol. 

Dimethyl ether (DME) is one of the most promising environmentally friendly and economic alternative fuel for the 
future applications [4,5]. DME is use among others as a source of hydrogen for fuel cells, fuel in gas turbines for 
power generation [4,5]. Furthermore, it has similar properties to propane and butane, the principal constituent of 
LPG, and therefore it can be used as a LPG substitute in domestic energy supply or for industrial uses [5]. Another 
advantage of DME is that it can be used as an additive for diesel fuel due to its high cetane number (about 55-60), 
high oxygen content (34.8% by mass) and lack of C-C bond [4,5]. The DME synthesis from alcohol is known to be 
acid catalysed. Commercial catalysts used for converting methanol to dimethyl ether are solid acid materials, such 
as γ-Al2O3, zeolites (HZSM-5 or HY), silica-alumina or phosphorus-alumina [5], however due to side process of 
carbon deposit formation the catalysts with small pores (e.g. zeolites) can be quickly deactivated due to blocking 
of pore system by coke [4]. The solution of this problem could be application of PCH materials, which are charac-
terized by larger pores than zeolites, and therefore are considered to be much less susceptible for deactivation due 
to lower diffusion limitations in their pore systems. 

A series of PCHs intercalated with SiO2, SiO2-Al2O3, SiO2-TiO2 and SiO2-ZrO2 pillars was obtained from mont-
morillonite by the surfactant-directed method. The obtained materials were characterized by high surface area and 
uniform porous structure. Their surface acidity depended on the type of parent clay mineral as well as on chemical 
composition of interlayer pillars. Incorporation of titanium, aluminium or zirconium into the structure of the silica 
pillars significantly increased their surface acidity and catalytically activated PCHs in the reaction of DME syn-
thesis. Catalytic performance of the PCH materials was correlated with the nature and strength of acid sites, which 
are known to play role of active sites in the process of DME synthesis from methanol. For the selected PCH based 
catalysts the tests of catalytic stability were done.

Acknowledgements: the studies were carried out in the frame of project 2016/21/B/ST5/00242 from the National Science Centre (Poland). 
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STRUCTURAL CHANGES OF Mn-SUBSTITUTED FERRIC IRON 
OXYHYDROXIDE (MSF) AND THEIR ADSORPTION PROPERTIES FOR 
ARSENIC IN AQUEOUS SOLUTION
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Synthetic MSF samples with different Mn/Fe molar ratios were prepared by hydrolysis of Fe(II) ions and Mn(II) 
ions under alkaline conditions followed by rapid oxidation with H2O2. In analysis of transmission electron mi-
croscope (TEM), MSF consisted of nano-sized hexagonal-like particles and was similar to hematite. Synchro-
tron based powder X-ray diffraction patterns were collected on the beamline 9B (HRPD) at Pohang Accelerator 
Laboratory (PLS-II) in Korea. The incident X-rays were monochromatized to wavelength of a 1.4970 Å using a 
double-crystal Si(111) monochromator. Diffraction patterns were collected in the 2θ range of 5-125.5°, with a step 
size of 0.02°. Rietveld structural refinement was performed with the TOPAS program (ver. 4.2; Bruker, Germany) 
to evaluate the changes in crystal structure with the substitution of Mn. Varying the ratio of Mn/Fe had an influence 
on the crystal structure of the produced MSF as shown by the X-ray diffraction (XRD) results. An interesting ob-
servation in the XRD spectra of the different MSF materials was the significant change in the unit cell parameter 
with different Mn/Fe ratios. Rietveld refinement analysis revealed that the crystal structures of MSF materials 
resemble those of feroxyhyte (δ’-FeOOH), with the unit cell volume and a-axis lattice parameter proportionally 
decreasing with increasing Mn-substitution, resulting in the formation of a δ-(Fe1-x, Mnx)OOH-like structure. Zeta 
potential analysis of MSF showed that the particles became negatively charged with an increasing Mn ratio. MSF 
with a high molar ratio of Mn showed high oxidative capacity to oxidize As(III) to As(V), while the composite had 
relatively low adsorption capacities for both the arsenic species. The δ-(Fe0.9, Mn0.1)OOH removed 72.5-89.2% of 
total adsorbed arsenic species within the first 70 min in the range of initial concentrations of 19.4-98.0 As mg L-1. 
The oxidative capacity of MSF increased proportionally with increasing Mn-substitution, but magnetic moment 
significantly decreased. The magnetic MSF, developed at the optimal Mn/Fe molar ratio, could oxidize contami-
nants and adsorb arsenic species in aqueous solution, and could easily be recovered by magnetic separation.
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Most of NF (nanofiltration) membranes which are developed recently are composite membranes, whose support 
layer is covered with an active layer. Among different ceramic support materials that are currently used as support 
layers, γ alumina supports are integral part of membrane which is made of artificial materials like alumina and thus 
adds to the high price of the membrane. This draws our attention in making low cost support material of natural 
clay which aims to be an excellent membrane support as it possesses high mechanical strength, high permeability, 
narrow pore size distribution, and low manufacturing cost. Apart from these advantages, natural clay’s application 
to membrane making is still new. Only some works deal with clay membranes in tubular form, but very few as flat 
disks. The aim of this work is to develop ceramic flat disk multilayer nanofiltration membranes which can be used 
for industrial waste water treatment.

Macroporous flat disk supports of the order of 25 mm in diameter and 2 mm in thickness are prepared from ben-
tonite by uniaxial pressing method and sintered at 950 °C for 6 hours in a temperature controlled muffle furnace at 
a controlled heating and cooling rate of 2 °C/min. Two types of colloidal sol-gel derived mesoporous interlayers 
are considered for dip coating of the supports: TiO2 sol and TPIC (titania pillared clay) binary sol. The active NF 
top layer is a very thin and fine textured polymeric TiO2 top layer. The supported as well as the unsupported mem-
branes are characterized by scanning electron microscopy (SEM), X-ray diffractometer (XRD), Fourier transform 
Infra Red Spectroscopy (FT-IR), and N2 adsorption-desorption method to study the porosity. The polymeric top 
layer is defect free and very thin layer of polymeric TiO2 of particle size of around 5 nm and layer thickness of 
2.39 µm. Other parameters that are studied included the effect of pH and sintering temperature on the porosity and 
pore size distribution of the membranes. Results concluded that these nanofiltration membranes could be used for 
industrial waste water treatment.

[1] Van Gestel T., et al. (2002). Alumina and titania multilayer membranes for nanofiltration: preparation, characterization, and chemical 
stability. Journal of Membrane Science 207, 73-89.
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tion 245, 501-507.

[3] Benfer S., Popp U., Ritcher H., Siewert C., Tomanol G. (2001). Development and characterization of ceramic nanofiltration membranes. 
Separation and Purification Technology 22-23, 231-237.

[4] Majhi A., Monash P., Pugazhenthi G. (2009). Facbrication and characterization of γ-Al2O3 clay composite ultrafiltration membrane for the 
separation of electrolytes from its aqueous solution. Journal of Membrane Science 340, 181-191.
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Journal of Membrane Science 81, 463-471.
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The objective of this paper is to study the microstructural responses of kaolinite samples subjected to secondary 
compression, using high-quality and representative samples. Following the practical guide proposed by Chow and 
Wang [1], high-quality, load-preserved fabric 1-D consolidated kaolinite samples were prepared. In conjunction 
with that, a tailor-made oedometer was invented and produced using a 3D printing technique, which aiming at 
maintaining the applied loading during the freezing process to preserve the fabric associations for the subsequent 
microstructural characterizations. Then, Mercury Intrusion Porosimetry (MIP) and Scanning Electron Microsco-
py (SEM) were used to and obtain the information on the pore-size distribution and observe the morphological 
information at the observation plane (along the center of the sample), respectively. In addition to that, for each 
sample, about 20 ~ 30 SEM images were taken, with approximately 150 ~ 300 particles being identified in each 
SEM image, for providing representative results. Also, the SEM images were converted into binary images for 
better identification of the voids, which were then described using an equivalent ellipse. To concisely quantify the 
directional probability distribution of both voids and particles, second order weighted fabric tensors, as suggested 
by several researchers, e.g., Fu and Dafalias [2], were used. The fabric tensors obtained could be described using 
the major principal direction and the anisotropy intensity factor. Also, the evolution of the pore shape was exam-
ined based on the SEM images.

Two kaolinite samples (Sample ① and ②) were undergone 1-D consolidation at pressure of 100 kPa, using the 
3D-printed oedometer. The consolidation period lasted for 24 hours, and Sample ② was further consolidated for 
an additional 4 days of secondary compression. Based on the MIP results, the upper boundary of intra-aggregate 
pores identified was ~ 0.14 µm. The findings showed that the large inter-aggregate pores were further compressed 
during secondary compression, and the intra-aggregate pores remained constant. Also, the study of fabric tensors 
revealed that secondary compression caused both particles and voids converged more to the major principal direc-
tion lying along the horizontal direction (perpendicular to the vertical loading). Further evidence was given based 
on the examination of the pore shape. During secondary compression, the inter-aggregate pores that were initially 
elongated vertically were compressed slightly into a rounder shape. For those pores which were aligned horizontal-
ly, they were further compressed and became slightly more elongated in the horizontal direction. The findings were 
consistent with results reported by several researchers, e.g., Wang and Xu [3], where the secondary compression is 
a continuation of the primary consolidation that takes place in the inter-aggregate pores.

[1] Chow, J.K. and Wang, Y.H. (2017). Preparation of high-quality load-preserved fabric clay samples for microstructural characterizations: 
a pragmatic guide featuring a 3D-printed oedometer. Geotechnical Testing, (accepted for publication).

[2] Fu, P. and Dafalias, Y.F. (2011). Fabric evolution within shear bands of granular materials and its relation to critical state theory. Interna-
tional Journal for Numerical and Analytical Methods in Geomechanics, 35, 1918-1948.

[3] Wang, Y.H. and Xu, D. (2007). Dual porosity and secondary consolidation. Journal of Geotechnical and Geoenvironmental Engineering, 
ASCE, 133(7), 793-801.



Scientific Research Abstracts
Vol. 7, p. 151, 2017
ISSN 2464-9147 (Online)
XVI International Clay Conference | ICC 2017 | Granada, Spain
© Author(s) 2017. CC Attribution 3.0 License

SHALE OF THE IVORY COAST AS A FILTRATION MATERIAL FOR 
PHOSPHATE REMOVAL FROM WASTE WATER 

kpanniEu EudE (1,2), maLLEt martinE (1), aBdELouLa mustapha (1), couLiBaLy Lacina (2), ruBy 
christian (1)*
(1) Laboratoire de Chimie Physique et Microbiologie pour les Matériaux et l’Environnement - LCPME UMR 7564 CNRS-
Université de Lorraine, 405 rue de Vandoeuvre, 54600 Villers-lès-Nancy, France, (2) Laboratoire d’Environnement et de 
Biologie Aquatique, Université Nangui Abrogoua, 02 BP 801, Abidjan 02, Côte d’Ivoire 

The annual population growth rate of African cities is on average 5%. This situation leads to increasing quantities 
of wastewater generated in most cities. For example, in the Ivorian capital Abidjan, the daily volume of collected 
wastewater is actually ~190 000 m3. The Abidjan wastewaters only undergo a passive treatment prior to discharge 
into the Ebrié lagoon. Moreover, excess of orthophosphate is at the origin of eutrophication that leads to strong 
perturbation of the lagoon biodiversity. Therefore, there is a growing interest to identify easily available minerals 
for performing tertiary treatment of dephosphatisation [1].

In this study, samples of shale were collected from Toumodi region (i.e. Lomo North site) in the Center of Ivo-
ry Coast. The solid samples were characterized by several techniques including XRD, Mössbauer spectroscopy, 
SEM-EDX, XPS and ICP-MS. The major minerals of the shale are silicates and phyllosilicates, i.e. quartz, albite, 
muscovite and clinochlore. Structural FeIII and FeII species are present in substitution of other cations of the clay 
minerals and a minor part of the FeIII species is present in goethite α-FeOOH.

The reactivity of the shale with phosphate (PO4) was studied in both homogeneous suspension (“batch reactor”) 
and in hydrodynamic conditions (“column reactors”). A particular attention was devoted to determine both residual 
phosphate and metal species (Ca2+, Mg2+, Al3+ and total iron) released in solution after phosphate sorption. Kinetics 
experiments in “batch reactors” showed that the saturation of the shale surface by PO4 occurred after ~24 hours 
of contact time. Adsorption isotherms led to a maximal PO4 adsorption capacity of ~0.4 mg g-1 at neutral pH. The 
PO4 removal capacity decreased with increasing pH and reached a minimum around pH = 10. In strong alkaline 
conditions, an increase of the PO4 removal capacity was observed that was linked to an increase of the aluminum 
solubility. During the column experiments, the phosphate solution circulated continuously during a five days peri-
od and then was stopped during 2.7 days to study the effect of residence time on phosphate removal. This sequence 
was repeated several times in order to reach a quasi- saturation of the column by PO4. The PO4 breakthrough of 
the column was strongly dependent on the contact time. Interestingly, a correlation between the increase of PO4 re-
moval rate observed at longer contact time with an increase of Ca2+ and Mg2+ solubility was established. Therefore, 
these species could play a more important role than iron in the PO4 removal mechanism of shale.

In conclusion the shale of Ivory Cost is an interesting material for PO4 removal from wastewater. Nevertheless, 
it should be compared in terms of removal efficiency and cost to other readily available natural compounds, e.g. 
laterite and sandstone, or recently developed synthetic FeIII nanocomposites [2].

[1] Kõiv, M., Bavor, H.J., Chazarenc, F., Mander, Ü. (2011). Filter materials for phosphorus removal from wastewater in treatment wet-
lands-A review. Ecological Engineering, 37(1), 70-89. 

[2] Ruby, C., Barthélémy, K., Hanna, K., Mallet, M., Naille, S. (2015). Synthesis process and hydrodynamic behavior of a new filtration 
material for passive wastewater dephosphatation, Materials and Design, 86, 168-177.
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STRUCTURE STUDY OF Ge-AKAGANEITE USING RIETVELD 
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Akaganeite is one of the polymorph of FeOOH (β-FeOOH) like goethite, well-known as α-FeOOH, and has been 
reported as a main Fe-oxide component in some soil and brine deposits [1]. This akageneite has been interested 
as a means of preparing uniform nanocrystalline hematite particles (α-Fe2O3) [2,3] rather than as a catalyst and 
absorbent. It is because akaganeite can be synthesized as rod-like structures [4], but its structural ordering and 
stability is low, and then it is easily transformed to the more stable form, α-Fe2O3 (hematite) by dehydration or de-
hydroxylation [3,5]. Meanwhile synthesizing method of highly ordered Ge-incorporated akageneite was reported 
[6]. In this study, we perform Rietveld refinement and computational method to find structure model of Ge-akaga-
neite. Naturally occurred and synthesized akaganeite were refined by Post and Buchwald (1991) [7] and Post et al. 
(2003) [8]. The symmetry of Ge-akaganeite is based on I 2/m and the tunnel site was modelled with computational 
method with CASTEP. From the rietveld refinement, the model of 25% Ge existed in tunnel site substituting Cl 
and remains in Fe1 site substituting Fe is well-matched showing 0.0756 wRp value. The tunnel Ge is expected to 
Ge(OH)4 because of synthesizing material, that lead to the position of OH should be calculated with the condition 
of geometrical optimization in CASTEP program.

[1] Holm, N.G., Dowler, M.J., Wadsten, T., Arrhenius, G. (1983). β-FeOOH-Cl (akaganéite) and Fe1-xO (wüstite) in hot brine from the 
AtlantisII deep (Red Sea) and the uptake of amino acids by synthetc b-FeOOH-Cl. Geochimica et Cosmochimica Acta, 47, 1465-1470.

[2] Y. Piao, J. Kim, H.B. Na, D. Kim, J.S. Baek, M.K. Ko, J.H. Lee, M. Shokouhimehr and T. Hyeon. (2008). Wrap-bake-peel process for 
nanostructural transformation from β-FeOOH nanorods to biocompatible iron oxide nanocapsules. Nat. Mater. 7, 242.

[3] N. K. Chaudhari and J.-S. Yu. (2008) Size Control Synthesis of Uniform β-FeOOH to High Coercive Field Porous Magnetic α-Fe2O3 
Nanorods. J. Phys. Chem. C. 112, 19957.

[4] R. M. Cornell and U. Schwertmann. (2003) The Iron Oxides: Structure, Properties, Reactions, Occurrence and Uses. 2nd edn, WileyVCH, 
Weinheim, Germany.

[5] Emily A.-S., and Lara A. E. (2015) Role of Akaganeite (β-FeOOH) in the Growth of Hematite (α-Fe2O3) in an Inorganic Silica Hydrogel. 
Cryst. Growth Des. 15, 3388−3398.

[6] Y. Song, B. H. Bac, Y.-B. Lee, M. H. Kim, and I.-M. Kang. (2011) Highly ordered Ge-incorporated akaganeite (b-FeOOH): a tunnel-type 
nanorod. CrystEngComm, 13, 287.

[7] Post, J.E. and Buchwald, V.F. (1991) Crystal structure refinement of akaganéite. American Mineralogist, 76, 272-277.
[8] Post, J.E., Heaney P.J., Dreele R.B.V., and Hanson J.C. (2003) Neutron and temperature-resolved synchrotron X-ray powder diffraction 

study of akaganéite. American Mineralogist, 88, 782-788.
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Montmorillonite have isomorphous substitutions of divalent cation for Al in the octahedral sheet mainly induce a 
negative charge that leads the interlayer to be an active cation-exchangeable site with alkaline earth metal ions and 
positive organic molecules for charge compensation, indicating that montmorillonite could be used as a drug-car-
rying material [1,2]. Therefore, the use of montmorillonite-based biomaterial as a drug delivery vehicle has attract-
ed great interest in recent years, and many studies have reported various drug-intercalated montmorillonite hybrids 
including donepezil [3], lincomycin [4], timolol maleate [5], vitamin B1 [6], chlorhexidine acetate [7], tetracycline 
[8,9], and metronidazole [10] for controlled delivery and release behaviours.

Gentamicin is a one of the aminoglycoside antibiotics which is widely used in topical therapy. This antibiotic is 
reported to have an effective MIC in Helicobactor pylori [11] but not used for oral administration by low bioavail-
ability. 

In this study, we develop gentamicin -intercalated montmorillonite hybrid and demonstrate the 16days of release 
test to measure the stability of gentamicin in interlayer condition.

The experimental conditions were chosen to 500 ml of 1.5 mg/ml gentamicin sulphate was vigorously mixed with 
2g of montmorillonite (Bgp35, Bgp40) from Pohang, Korea. After 1-day mixing, settle downed complex was 
dialyzed and freeze-dried. The complex was tested 2-day interval release test with 100mg of complex to 20 ml of 
simulated gastric fluid (pH 1.2) ratio.

Comparing the result, each hybrid shows different aspect in stability that might be from content of Fe ion. Hybrid 
made by Bgp35 may be expected to prolong its gastrointestinal residence time by covering mucous membrane and 
these characteristics could be increase the bioavailability of antibiotic.

[1] Swartzen-Allen S.L., Matijevic E. (1974). Surface and colloid chemistry of clays. Chemical Reviews 74(3), 385-400. 
[2] Thomas F., Michot L.J., Vantelon D., Montarges E., Prelot B., Cruchaudet M. et al. (1999). Layer charge and electrophoretic mobility of 

smectites. Colloids and Surfaces A: Physicochemical and Engineering Aspects 159(2), 351-8. 
[3] Park J.K., Choy Y.B., Oh J.-M., Kim J.Y., Hwang S.-J., Choy J.-H. (2008). Controlled release of donepezil intercalated in smectite clays. 

International Journal of Pharmaceutics 359(1), 198-204. 
[4] Wang C., Ding Y., Teppen B.J., Boyd S.A., Song C., Li H. (2009). Role of interlayer hydration in lincomycin sorption by smectite clays. 

Environmental science & technology 43(16), 6171-6. 
[5] Joshi G.V., Kevadiya B.D., Patel H.A., Bajaj H.C., Jasra R.V. (2009). Montmorillonite as a drug delivery system: intercalation and in vitro 

release of timolol maleate. International Journal of Pharmaceutics 374(1), 53-7. 
[6] Joshi G.V., Patel H.A., Kevadiya B.D., Bajaj H.C. (2009). Montmorillonite intercalated with vitamin B 1 as drug carrier. Applied Clay 

Science 45(4), 248-53. 
[7] Meng N., Zhou N.-L., Zhang S.-Q., Shen J. (2009). Controlled release and antibacterial activity chlorhexidine acetate (CA) intercalated 

in montmorillonite. International Journal of Pharmaceutics 382(1), 45-9. 
[8] Ghadiri M., Hau H., Chrzanowski W., Agus H., Rohanizadeh R. (2013). Laponite clay as a carrier for in situ delivery of tetracycline. RSC 

Advances, 3(43):20193-201. 
[9] Li Z., Chang P.-H., Jean J.-S., Jiang W.-T., Wang C.-J. (2010). Interaction between tetracycline and smectite in aqueous solution. Journal 

of Colloid and Interface Science, 341(2):311-9. 
[10] Calabrese I., Cavallaro G., Scialabba C., Licciardi M., Merli M., Sciascia L. et al. (2013). Montmorillonite nanodevices for the colon 

metronidazole delivery. International Journal of Pharmaceutics 457(1), 224-36.
[11]  Brenciaglia M.I., Fornara A.M., Scaltrito M.M., Braga P.C. (1996). Inhibitory and bactericidal activity of rokitamycin against Helicobac-

ter pylori and morphological alterations. Journal of Chemotherapy 8, 425-431.
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Recently we have enabled the study of the mica/liquid interface using the technique of neutron reflectometry. This 
approach will be shown to provide unique compositional and structural insight into this important interfacial sys-
tem at molecular level and importantly it will be demonstrated that it is non-invasive. We are now able to probe the 
structural details of monolayers, bi layers and interesting electrostatics of surfactants and ionic liquids.

Neutron reflectometry has been used for a number of years to structurally characterise molecules such as sur-
factants at the air/water and particular solid/liquid interfaces (mainly silica). We have recently enabled this ap-
proach to be used for the study of a number of new surfaces particularly mica (1-4) and other minerals (5-6) in oil 
or water and hence have begun the study of adsorbed molecular systems with this method. The key advantages 
of neutrons over related methods, such as AFM, SFA and X-ray reflectometry are (i) its non-invasive nature and 
(ii) there is excellent contrast to observe the adsorption of similar species when looking at mixtures. This contrast 
arises from the very different scattering of hydrogen and deuterium allowing us to study complex mixtures of very 
similar materials, not possible with X-ray. In addition, neutron reflection averages over very large areas compared 
to other techniques, local probe techniques.

Using this method we have already observed a variety of behaviour and propose to outline the capabilities of this 
method with illustrations of adsorption of cationic surfactants, anionic surfactants and the layering of ionic liquids 
at the mica surface - a unique capability. 

[1] Wang, X., Lee, S. Y., Miller, K. L., Welbourn, R. J. L., Stocker, I. N., Clarke, S. M., Casford, M., Gutfreund, P. and Skoda, M., Langmuir. 
29, 5520−5527 (2013). ‘Cation-Bridging Studied by Specular Neutron Reflection’. dx.doi.org/10.1021/la400767u. 

[2] Griffin, L., Miller, K., Truscott, C., Clifton, L., Webster, J. and Clarke, S.M. (2016). J. Coll. Inter. Sci., 478 365-373 ‘Comparison of 
didodecylammonium bromide at the water-mica and silica-water interfaces using neutron reflectivity’. DOI:10.1016/j.jcis.2016.06.015. 

[3] Griffin, L.R., Browning, K.L., Truscott, C.L., Clifton, L.A and Clarke, S.M. (2015). J. Phys. Chem., B119 6457-6461 ‘Complete Bilayer 
Adsorption of C16TAB On The Surface Of Mica Using Neutron Reflection’, DOI: 10.1021/acs.jpcb.5b00397. 

[4] Miller, K.L., Griffin, L.R., Gutfreund, P., Barker, R.D., Clifton, L.A. Hughes, A. and Clarke, S.M. (2014). J. Appl. Cryst. 47, 1638-1646, 
‘Specular Neutron Reflection at the Mica Water Interface - Irreversible Adsorption of a Cationic Dichain Surfactant’. DOI: 10.1107/ 
S1600576714016318. 

[5]  Stocker, I.N., Miller, K.L., Welbourn, R.J.L., Clarke, S.M. (2014). Collins, I. R., Kinane C. and Gutfreund, P., J. Coll. Inter. Sci., 418C 
140-146. ‘Adsorption of Aerosol-OT at the Calcite/Water Interface - Comparison of the sodium and calcium salts’. DOI: 10.1016/j.
jcis.2013.11.046..

[6] Stocker, I.N., Miller, K.L., Welbourn, R.J.L., Lee, S.Y., Mannion, A.R., Collins, I.R., Webb, K J., Wildes, A., Kinane C. and Clarke. S.M. 
(2012). Progress in Colloid and Polymer Science, 139 91-99. Neutron reflection at the Calcite-Liquid Interface’, DOI: 10.1007/978-3-
642-28974-3_16. 
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Many studies on alkali activated materials (AAMs) as alternatives to traditional construction materials, such as mor-
tars or Ordinary Portland Cement (OPC), have been realized with a view towards the themes of sustainability and 
reuse of waste materials, derived by various human activities, producing economic and environmental benefits [1].

The aim of this work was to investigate a potential alternative to the disposal of sewage sludge, deriving from 
the cultivation of an Italian sandstone known as Pietra Serena, evaluating their use as precursors in the alkaline 
activation process. 

Pietra Serena sewage sludge (sPS) were used as such and after a thermal treatment at 800 ºC for two hours. A 
synergic use with a high-quality kaolin, heated at 800 ºC for two hours to obtain the relative metakaolin, was also 
proposed with the aim to produce valid construction materials, being metakaolin one of the most studied precur-
sors, due to its high reactivity and the good properties in terms of resistance and durability of the final products [2]. 

AAMs obtained by different proportions of binary mixtures of sPS and metakaolin were synthetized using 8M and 
12M NaOH solutions and curing samples at 85 °C and 100% R.H. for 5 or 20 hours. Materials were characterized 
by X-ray power diffraction (XPRD), Fourier transform infrared (FTIR) spectroscopy, scanning electron micro-
scope (SEM), colorimetry and mechanical tests.

Samples produced exclusively by using the untreated sludge (sPS) show low compressive strength (3.6(2) MPa). 
The mechanical behaviour of AAMs obtained from the binary mixtures of sPS and metakaolin denoted the sPS 
inefficiency as a filler and their low reactivity towards metakaolin.

The decarbonation process of the sewage sludge provided a useful tool for the valorisation of this type of waste, 
leading to a behaviour similar to those of pozzolanic cements, in which the calcium oxide produced is hydrated 
and reacts with the silica present in the material to generate a C-S-H gel with Al incorporated in its structure. In 
the mix produced using the calcinated sPS, an interaction occurs, giving rise to a mixture of N,C-A-S-H / C-A-S-H 
gels, similar to those produced in the so-called mixed alkali cements or hybrid cements.

[1] Bernal, S.A., Rodríguez, E.D., Kirchheim, A.P., Provis, J.L. (2016). Management and valorisation of wastes through use in producing 
alkali-activated cement materials. Journal of Chemical Technology and Biotechnology. 

[2] Duxson, P., Fernández-Jiménez, A., Provis, J.L., Lukey, G.C., Palomo, A., van Deventer, J.S.J. (2006). Geopolymer technology: the cur-
rent state of the art. Journal of Materials Science 42, 2917-2933.
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The growing interest in the applications of synthetic talc, for instance, for polymer reinforcement (polypropyl-
ene, polyamide, polyurethane), coatings and new cosmetic formulations, has motivated research and development 
activities to propose novel synthesis routes. In this context, the synthesis process of talc has evolved noticeably 
leading to processes which could fulfill industrial requirements over the past 10 years [1-4].

This presentation introduces an innovative process representing a real breakthrough, which allows the synthesis 
of talc in a continuous process in only few tens of seconds [5,6]. This powerful, continuous and fast method to 
produce submicronic talc in mimicking natural environment is achievable through the use of supercritical hydro-
thermal flow synthesis. The properties of supercritical water (Tc = 374.0 °C, Pc = 22.1 MPa) make it a prime candi-
date to be used in material synthesis. Indeed, in the supercritical domain, reaction rates increase dramatically due 
to a drastic drop of supercritical water dielectric constant. Therefore, fine particles (e.g., metal oxides) are rapidly 
synthesized using supercritical water at the origin of the development of continuous processes.

Synthetic talc particles thus obtained were characterized by X-ray diffraction (XRD) to target optimal synthesis 
conditions by evaluating their degree of crystal order. Nuclear magnetic resonance, scanning electron microscopy 
and transmission electron microscopy were used to characterize the crystal structure of talc particles. The use of 
this innovative method has shown encouraging results by favoring the synthesis of a single-phase and highly pure 
product with a controlled composition displaying hydrophilic character, opposite to natural talc which is hydro-
phobic and often associated with other minerals and/or may contain other elements substituting into its crystal 
lattice. This hydrophilic character of this synthetic talc has resulted to the formulation of the first fluid talc filler.

From an academic point of view, this process offers the possibility to obtain a range of nanominerals differing in 
their degree(s) of crystal order just by adjusting synthesis time and/or temperature. Furthermore, from an industrial 
point of view, the decrease in synthesis time from few hours in batch reactor to few tens of seconds in continuous 
flow synthesis to produce submicronic talc particles represents a major technical breakthrough. This new route to 
synthesize talc is scalable and brought us on the route of the industrialization with our industry partner, the IM-
ERYS company.

[1] Arseguel D., Bonino J.P., Decarreau A., Ferrage E., Ferret J., Grauby O., Lèbre C., Martin F., Petit S. (2008). Method for preparing tal-
cose compositions comprising synthetic mineral particles containing silicon, germanium and metal. Patent n°WO 2008009799 A2, FR 
2903680 B1.

[2] Dumas A., Le Roux C., Martin F., Micoud P. (2012). Method for preparing a composition including synthetic inorganic particles. Patent 
n° WO 2012085239 A1, FR 2969594 B1.

[3] Dumas A., Le Roux C., Martin F., Micoud P. (2013). Process for preparing a composition comprising synthetic mineral particles and 
composition. Patent n° WO 2013004979 A1, FR 2977580 B1.

[4] Claverie M., Dumas A., Careme C., Aymonier C., Martin F. Le Roux C., Micoud P. Nanotalc overview: Synthesis, features and applica-
tions of new emerging filler (manuscript in preparation).

[5] Aymonier C., Dumas A., Le Roux C., Martin F., Micoud P., Slostowski C. (2015). Process for the continuous preparation of phyllomineral 
synthetic particles. Patent n° WO 2015/159006 A1, FR 3019813 A1.

[6] Dumas A., Claverie M., Slostowski C., Aubert G., Careme C., Le Roux C., Martin F., Micoud P., Aymonier C. (2016). Fast-Geomimicking 
using Chemistry in Supercritical Water. Angewandte Chemie International Edition, 9868-9871.
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Biodegradable polymers have been attracting much attention in recent decades due to increasingly environmental, 
biomedical and agricultural applications. Aliphatic polyesters are one of the most promising biodegradable plas-
tics to solve the problems related to plastic waste accumulation. Among biodegradable polyesters, polylactic acid 
(PLA) has attracted the attention of industry for packaging and biomedical applications because of its biodegrada-
bility characteristics, in addition to its good mechanical and physicochemical properties.

Polymer nanocomposites are a new class of reinforced plastics formed by dispersion of nanoparticles in a polymer 
matrix which have received considerable attention in both scientific and industrial areas during the past decade. Of 
particular interest is the preparation of nanobiocomposites between PLA and inorganic nanofiller, such as layered 
silicate clays because they often exhibit concurrent improvement in several properties of neat PLA. The enhanced 
properties of polymer-clay nanocomposites are due to high interfacial interaction between the homogeneously 
dispersed nano-sized clay platelets and polymer matrix. Pristine layered silicates usually contain hydrated alkali or 
alkaline earth metal cations in the interlayer that are only miscible with hydrophilic polymers. The clay needs to be 
modified suitably with organic species in order to use it in the preparation of clay based polymer nanocomposites. 
The surface modification can be done by ion-exchange reactions with cationic surfactants such as organoalkylam-
monium salts. Additionally, the alkylammonium cations could provide functional groups that can react with the 
polymer matrix to improve the strength of the interface between the inorganic and the polymer matrix. PLA pos-
sesses inherent thermal/mechanical/hydrolytic degradation during extrusion when heated above its melting point. 
Among the factors that may affect the PLA decomposition during melt processing are residual metal catalysts, 
processing temperature, moisture content, oxygen environment, as well as the presence of clay.

In this study organoclays with different alkylammonium ions were prepared and compounded with PLA, forming 
PLA/clay nanocomposites via melt extrusion, natural vermiculite (VMT) was also blended with PLA. Natural 
VMT led to the formation of a microcomposite, while mainly exfoliated and intercalated nanocomposites were 
obtained with the incorporation of the organomodified VMTs. The molecular weight evaluation of PLA/clay com-
posites was accomplished by using gel permeation chromatography technique. The level of degradation depended 
on the surfactant chemistry in organo-VMTs. In addition, the composite with better clay dispersion state experi-
enced the most severe reduction in PLA molecular weight. DSC analysis showed that clay mineral accelerated the 
crystallization process of PLLA due to its nucleation agent effect. The thermal stability of the composites depended 
on the thermal stability of the added clay mineral.
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Polymer nanocomposites are a new class of reinforced plastics formed by dispersion of nanoparticles in a polymer 
matrix which have received considerable attention in both scientific and industrial areas during the past decade. 
Polymer/clay nanocomposites have received considerable attention due to their potential for enhanced physical, 
chemical, and mechanical properties compared to conventional composites.

Metal nanoparticles are widely used for applications such as catalysis, electronics, optics, environmental, and 
biotechnology. Silver nanoparticles (AgNPs) are of particular interest because of their catalytic and antibacterial 
activity. AgNPs have been incorporated into other materials, such as clays and polymers, in order to minimize the 
aggregation process. 

Poly (vinyl alcohol) (PVAL) is a semi-crystalline hydrophilic polymer with good chemical and thermal stability, 
highly biocompatible and non-toxic. PVAL has been used in a wide range of applications in medical, cosmetic, 
food, pharmaceutical, and packaging industries, due to its properties. 

Vermiculite (VMT) is a 2:1 phyllosilicate clay mineral composed of hydrated magnesium-aluminium-iron sheet 
silicates, which consists of an octahedral sheet sandwiched between two Si tetrahedral sheets, and these three 
sheets form a layer. Al3+ or Mg2+ and Fe2+ are the normal octahedral ions, and in tetrahedral sheets Al+3 substitutes 
for Si+4. The tetrahedral sheets are negatively charged as a result of Al3+ for Si+4 substitution, and this negative 
charge is balanced by interlamellar hydrated cations (usually Mg+2) that are easily exchangeable with cations in 
an external solution.

In this work we report the preparation of PVAL-based nanocomposites with different amounts of natural-VMT/
AgNPs and organically modified-VMT (OVMT)/AgNPs nanohybrids. The effect of the nanohybrid type and con-
tent on the structure and properties of the PVAL/VMT/AgNPs nanocomposites was investigated by XRD, DSC, 
TGA, TEM, and tensile testing techniques. 

PVAL/VMT/AgNPs nanocomposites were prepared by solution mixing. The layers of natural-VMT/AgNPs were 
not delaminated in the PVAL at low concentrations and got exfoliated at higher concentrations. In the absence of 
AgNPs, layers of natural VMT were not delaminated in the PVAL. OVMT/AgNPs clay was intercalated at lower 
concentrations, and dispersed homogeneously into the PVAL matrix at higher concentrations. 

Crystallinity of PVAL was altered upon addition of VMT/AgNPs hybrids, being reduced by the presence of all 
clays, and the more pronounced reduction was observed with the addition of VMT/AgNPs nanohybrid. The Tg 
increased slightly with clay addition. The melting transition (Tm) found in pure PVAL was essentially unaffected 
by the presence of organo-modified VMT/AgNPs, whereas the transition took place at a lower temperature for 
the PVA/VMT/AgNPs films. Tc of PVAL decreased significantly with addition of VMT/AgNPs, and was almost 
unaffected by the presence of organo-modified VMT/AgNPs. The thermal stability of PVAL was almost unaffect-
ed by the incorporation of VMT/AgNPs, while slightly enhanced in the presence of OVMT/AgNPs. The Young’s 
modulus, tensile strength, and ductility were affected by the type of clay and content.
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Great effort has been given in the last years to the synthesis of new silver-based nanomaterials in order to develop 
materials with new or enhanced antibacterial, antifungal, and catalyltic properties. Vermiculite (VMT) is a clay 
mineral that occurs extensively in nature. It is a 2:1 clay, consisting of an Al octahedral sheet, sandwiched between 
two Si tetrahedral sheets, and these three sheets forma layer. Between the layers is the interlayer space containing 
exchangeable cations, mainly magnesium ions, to maintain electrical neutrality. The total quantity of those cations 
is called the cation exchange capacity (CEC). Compared with montmorillonite, hectorite and saponite, VMT is 
much cheaper and has larger CEC, between 100 mmol/100 g and 150 mmol/100 g.

The synthesis of silver nanoparticles (AgNPs) is carried out by the use of the metal precursor, and a reducing 
agent. During chemical reduction, Ag+ receives an electron from the reducing agent and reverts to its metallic form 
(Ag0) eventually clustering to form AgNPs. Silver nitrate (AgNO3)is the most commonly used metal precursor 
due to its low cost and high stability. A variety of reducing agents have been used such as sodium citrate, sodium 
borohydride, hydrazine hydrate, ascorbic acid, polyols, monosaccharides, alcohol, formaldehyde, and also pho-
toreduction by UV radiation. The preparation of uniform and stable colloidal dispersion of AgNPs can be carried 
out by the use of stabilizing agents such as polymers or surfactants. AgNPs can also beprepared on solid supports 
such as clays.

In this study, AgNPs were intercalated in VMT and organo-modified VMT by in situ chemical reduction method. 
AgNPs/VMT and AgNPs/VMT-quaternary ammonium salts hybrids were prepared. The effect of type of reducing 
agent (environmentally friendly) was studied. FTIR and UV-Vis spectroscopy, X-ray diffraction (XRD), scanning 
and transmission electron microscopy (SEM and TEM), X-ray photoelectron spectroscopy (XPS), Raman spec-
troscopy, and thermogravimetric analysis (TGA)were used to characterize the AgNPs/VMT nanomaterials.

The UV-VIS absorption spectra exhibited the characteristic silver surface plasmon resonance band between 415 
and 435 nm, indicating that AgNPs were effectively dispersed in the VMT. The original interlayer basal spacing 
of VMT, 1.18 nm, was unaltered or slightly expanded to 1.23 nm by silver intercalation. All AgNPs/VMT nano-
materials exhibited the WAXS signals corresponding to Agº. SEM and TEM micrographs revealed AgNPs grown 
on the surface of VMTs. TEM images showed small spherical Ag nanoparticles well dispersed in the clay matrix 
located on the platelet rim, and in some cases minimum inter-Ag particle aggregates of submicron-size. The size of 
AgNPs was in nanoscale. XPS confirmed the presence of Agº, there was no signal due to Ag+. The Raman spectra 
of AgNPs/VMT showed a group of vibrational bands in the 750-1600 cm-1 attributed to the AgNPs. In the case of 
organo-modified VMT, the VMT vibrations were barely visible since they were desactivated by the alkylammoni-
um ions intercalated on VMT interlayers. The TGA thermogram of pristine VMT revealed three mass loss steps, 
being the last one in the temperature region of 500 and 700 °C attributed to the dehydroxylation of the hydroxyl 
groups covalently incorporated in the crystal lattice of VMT. In the case of AgNPs/VMT hybrids the dehydroxy-
lation step was absent.
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Hot dip galvanizing process is used worldwide to protect from corrosion the steel or iron pieces. This process is a 
large generator of waste, considered one of the so-called “dirty industries”. One of the important waste, in terms 
of quantity, is zinc ash that contains a mixture of metallic zinc and zinc oxide with a total content of zinc between 
70-90%. The zinc ash is considered a hazardous waste and is treated by stabilization / solidification for appropriate 
landfill disposal or, in most cases, is treated for the recovery and recycling of zinc. 

The aim of this study is the preparation and characterization of a series of ZnR-Al (R = 2 - 4) LDH by using as zinc 
precursor the zinc chloride obtained after hydrochloric acid digestion of zinc ash. 

The unit cell parameters of synthesized samples have values close to those of similar materials synthesized from 
analytical grade reagents. Impurities that are present in zinc chloride obtained from zinc ash (Pb, Fe, Ca) are found 
at traces in the synthesized materials.

By applying a new approach regarding the synthesis of LDH from precursors obtained by zinc ash treatment the 
wastes of a “dirty industry” are treated and a valuable product is added, keeping in mind that the layered double 
hydroxides have multiple utilizations at industrial scale as plastic additives, as flame retardant and as anion scav-
engers.

Acknowledgements: this work was supported by a grant of the Romanian National Authority for Scientific Research and Innovation, CNCS - 
UEFISCDI, project number PN-II-RU-TE-2014-4-0771.
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Dealing with significant amounts of mineralogical information can be an overwhelming task. But this is often 
the case when addressing extended sedimentary successions, justifying the search for simple and fast solutions to 
interpret X-Ray diffraction datasets. Also, commonly used diffractogram interpretation methods are susceptible to 
user bias (peak identification of disordered phases, baseline adjustments, quantitative estimations), clearly benefit-
ing from the use of objective automated methods.

Here we present the advantages of simple statistical methods (PCA) and three-dimensional (3D) modeling of dif-
fractogram spectra to unravel complex sedimentary archives along ancient shallow-water carbonates (São Julião 
and Magoito coastal sections, Portugal). In coastal areas, competing sedimentary sources often result in complex 
facies successions that may in turn have different susceptibilities to post-depositional processes. Such records are 
therefore challenging for paleoenvironmental studies, but enclose valuable information. The selected lower Creta-
ceous coastal deposits comprise alternating sandstone/siltstones, limestones and clayey/marly horizons, ensuring a 
highly variable lithofacies distribution. The presented approach is equally valid for a wide range of materials, with 
greater benefits directly related to a higher degree of complexity of the dataset.

Principal Component Analysis (PCA) is able to depict meaningful differences from the large sets of diffraction 
patterns (here 130, comprising a total of ca. 400.000 data points) processing data in any of the widely available 
statistical software packages by an extremely fast procedure (within minutes). Apart from the qualitative inter-
pretation of the datasets of interest, adding samples of well-known mineralogical composition (pure or composite 
mixtures of natural samples) allowed accessing the relative quantitative contributions of each mineral. For the 
São Julião section, the most significant principal components responded to the presence of quartz and calcite in 
variable proportions, accounting for 91% of the total mineralogical variability. The majority of the samples (61%) 
show less than 25% of quartz in their mineralogical composition, whilst only 22% presented quartz abundance 
higher than 75%. Interestingly, the third principal component responded to samples bearing dolomite along with 
the other competing mineralogies (quartz and calcite), accounting only for 5% of the total variability of the data-
set. Dolomite occurs along 25% of the samples, mostly with abundance up to 25% and only rarely up to 50%. In 
clear contrast, the nearby Magoito section showed no significant contribution of dolomite, being dominated by 
quartz and calcite. Only 24% of the samples presented quartz abundance higher than 25%, attesting for the more 
distant paleogeographic position of this section in respect to São Julião. By stratigraphically plotting the resulting 
principal component scores, accurate lithofacies intervals were gained. This outcome bears a high potential to 
serve as correlation tool across different localities, but particular hydrodynamic forcing may obscure otherwise 
clear patterns.

As an alternative to stacking XDR spectra, 3D modeling offers interpolation and smoothing options to be fitted 
by the user, as well as to create a spatial grid that places each diffractogram at its exact and correct stratigraphic 
position by using 3D mapping and visualization software. This later feature is of high value for cases of discrete 
sampling approaches, so common when dealing with outcropping sedimentary successions. The resulting 3D 
blocks can then be rotated or magnified to gain better perspective. For the tested outcrops, the main features along 
each stratigraphic section were intuitively identified and easily compared to diffractogram datasets from other sec-
tions also represented as a 3D block. Paleogeographic and hydrodynamic differences along both depositional sites 
can be attributed to the observed mineralogical trends. Accordingly, the more proximal area at São Julião shows 
a higher and persistent contribution of detrital quartz, only detected at a few samples of the Magoito section. Fur-
thermore, dolomitized horizons occur exclusively along the São Julião section. The fact that nearby sections are 
differentially affected by dolomitization processes deserves further attention.
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Halloysite (HNT) is a natural clay that, in the last years, has shown an important increasing on various applications 
in different field of interesting.

Chemically similar to kaolin, it shows the predominately rolled shape, to form multilayers tubes of nanometric 
dimensions.

The different chemical composition of the inside lumen (Al-OH) surface and outside (Si-O) give to the tubes a 
partial negative charge outside and positive inside. In this way, it is possible to get different interactions of different 
molecules or systems selectivity on one or another surface.

The selective functionalization, covalent or not, of the HNT lumen or outer surface, gives the possibility to the na-
notubes to further expand and modulate their properties, increasing the potential efficacy and the application fields. 

Recently some studies are, also, focused on the edges and interlayer properties and potentials.

Among the countless applications of halloysite, is central the nanotube ability to interact with metals.

Metals ions are one of the worst pollutants in the environmental contest. Halloysite has shown interesting proper-
ties as starting point to make environmental recovery system.

Another important application of the ability of HNT of interaction with metals is catalysis.

Catalyst immobilization is a good opportunity to obtain materials that can be recovered and reused for several 
cycles with low leaching.

Several studies have been carried out on the use of ionic liquids as reaction media and as stabilizers for metal na-
noparticles. In particular, great attention has been devoted to the use of supported ionic liquid phase (SILP)-based 
materials as heterogeneous recyclable palladium catalyst.

Herein are reported some recent developments about immobilization of metal nanoparticles on halloysite nano-
tubes and studies about the materials and applications.

[1] Massaro M., Riela S., Cavallaro G., Colletti C.G., Milioto S., Noto R., Parisi F., Lazzara G. (2015). Palladium supported on Halloysite-tri-
azolium salts as catalyst forligand free Suzuki cross-coupling in water under microwave irradiation. Journal of Molecular Catalysis A: 
Chemical, 12-19.

[2] Massaro M., Schembri V., Campisciano V., Cavallaro G., Lazzara G., Milioto S., Noto R., Parisi F., Riela S. (2016) Design of PNIPAAM 
Covalently Grafted on Halloysite Nanotubes as a Support for Metal-Based Catalysts. RSC Advances. 55312-55318.
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URANOPHANE - A LAYERED URANYL SILICATE MINERAL. A 
COMPUTATIONAL DFT STUDY OF ITS STRUCTURAL, MECHANICAL 
AND VIBRATIONAL PROPERTIES
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Uranyl minerals are very important because they are expected to be the main phases found as a result of alter-
ation of irradiated UIVO2 reactor spent nuclear fuel (SNF). In particular, uranyl silicate minerals are relevant for 
understanding the genesis of uranium deposits, as well as fluid-rock interactions during the hydration-oxidation 
weathering of uranium deposits. Uranyl silicates are significant to the disposal of nuclear waste, since they are 
likely to be abundant in a geological repository. Structural characterization of uranyl silicate minerals forming due 
to alteration of nuclear waste is extraordinarily important to evaluate the possible incorporation of fission products 
and transuranic elements into their crystal structures. Their characterization is very important, and it is a great 
challenge due to its radiotoxicity. Mineral uranophane-α has been recognized as one of the main secondary phases 
resulting from alteration of SNF [1].
In this work, a natural sample of uranyl silicate mineral uranophane-α, Ca(UO2)2(SiO3OH)2·5H2O obtained from 
Sierra Albarrana (Córdoba, Spain) [2] was studied by means of Raman spectroscopy and theoretically by periodic 
solid state calculations based on density functional theory (DFT) method using CASTEP software [3]. A new 
norm-conserving relativistic pseudopotential of uranium atom has been used in the calculations. This pseudo-
potential was previously generated by these authors and evaluated for a series of uranium-containing minerals 
including the uranyl carbonate mineral rutherfordine [4], the uranyl peroxide mineral sudtite [5], and the uranyl 
silicate mineral soddyite [6].
Uranophane-α is a layered hydrated nesosilicate that behave much like clay minerals. It is one of the earliest known 
uranyl minerals, identified in nearly all major and most of the minor uranium deposits in the world. Its structure, 
present in nature in a wide variety of compounds having the uranophane sheet anion-topology [7] is confirmed 
here for the first time by means of rigorous theoretical solid state calculations. Computed lattice parameters, bond 
lengths, bond angles, and X-ray powder pattern reproduce accurately their experimental counterparts. Mechani-
cal properties of uranophane are predicted and the satisfaction of the mechanical stability Born conditions of the 
structure is demonstrated by means of calculations of the elasticity tensor. The Raman spectrum was computed 
by means of density functional perturbation theory and compared with the experimental spectrum obtained from 
a natural uranophane-α sample. Since the comparison was satisfactory, a normal mode analysis of the theoretical 
spectra was carried out and used with the aim of assigning the main bands of the Raman spectrum. Theoretical 
methods allowed us to assign the Raman spectrum bands to vibrations localized in different fragments within the 
crystal unit cell.

Acknowledgements: this work was supported by ENRESA in the project: Nº 079000189 “Aplicación de técnicas de caracterización en el 
estudio de la estabilidad del combustible nuclear irradiado en condiciones de almacenamiento” (ACESCO) and FIS2013-48087-C2-1-P. Su-
percomputer time by the CETA-CIEMAT, CTI-CSIC and CESGA centers are also acknowledged. This work has been carried out in the context 
of a CSIC-CIEMAT collaboration agreement.
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Today much attention is devoted to the production of binders based on waste industrial materials, such as slag 
and fly ash, with the aim of minimizing the consumption of raw materials and reducing the CO2 emissions due 
to the production of Portland cement. However, the limited availability of these uncommon materials has lead 
researchers to focus on more readily available and cheap materials, such as calcined clays. Among calcined clays, 
metakaolin, readily available commercially, has been extensively investigated [1], as a precursor for alternative 
binders. In literature, limited information is available about other kinds of clays for alternative binder manufacture. 

This study aims, firstly, at comparing the performance of a smectite-based alkali activated binder, with those of 
an equivalent kaolin-based material. Secondly, the possibility of using a low purity material, a natural clayey soil, 
for the production of a binder has been evaluated, with the aim of obtaining performances comparable with those 
given by the high-purity material.

The first part of the investigation aims at comparing mechanical performances of binders obtained from two pure 
commercial clays. To quantify the amorphous contribution given by calcination of clay and, subsequently, given 
by reaction of metaclay with the activating solution, the PONKCS method (Partial Or Not Known Crystal Struc-
ture, [2]) has been used. Results of compressive strength tests conducted on hardened specimens reveal higher val-
ues for samples containing smectite, especially for the ones calcined at 750 °C, which is in line with what demon-
strated by a previous study [3]. Moreover, the addition of ground limestone further improved mechanical strength.

In the second part of the study, the impure smectitic soil was calcined at 750 °C, then mixed with ground lime-
stone, keeping the clay/CaCO3 ratio fixed at 70/30 and a liquid-to-solid ratio of 0.4 with the activating solution. 
The average value of compressive strength after 15 days is 7.7 MPa, which is comparable with that obtained by 
the high-purity clay binder. Furthermore, in a second batch of samples, sodium citrate solution (in a concentration 
of 150 g/L) was added in 1:9 ratio with the alkaline solution, giving a total liquid-to-solid ratio of 0.5. These spec-
imens gave a compressive strength of 19.7 MPa, after 15 days.

The purpose of this investigation was, on the one hand, to study the performance of calcined smectite in compari-
son to metakaolin, for the production of an alternative alkali-activated binder and, secondly, to preliminarily assess 
the use of a widely available and economically affordable natural clayey soil for the same purpose. From this study, 
smectite clay, both characterized by high and low purity, reveals to have a high potential as a precursor for binder 
manufacture, giving better performances compared to kaolin, which can potentially be considered an alternative to 
Ordinary Portland Cement. Additional research will aim at investigating in more detail the contribution of sodium 
citrate addition, in terms of hydration products development and compressive strength of the hardened material, 
both at early and later ages of curing.

[1] Yun-Ming L., Cheng-Yong H., Mustafa Al Bakri M., Hussin K. (2016). Structure and properties of clay-based geopolymer cements: A 
review. Progress in Materials Science 83, 595-629.

[2] Scarlett N.V.Y. and Madsen I.C. (2006). Quantification of phases with partial or no known crystal structures. Powder Diffraction 21(4), 
278-284.

[3] Garg N. and Skibsted J. (2014). Thermal activation of a pure montmorillonite clay and its reactivity in cementitious systems. The Journal 
of Physical Chemistry C 118, 11464-11477.
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Geopolymers arise due to concerns about the environment during the production of cement that entails high energy 
amount and high CO2 release. The chemical composition of these materials is very different from the cements or 
lime. The exothermic reaction of geopolymerization generates a structure closer zeolites or aluminosilicates gels. 
This alkaline aluminosilicate material, generally amorphous is mainly produced from metakaolin (source of Si and 
Al) reacting with hydroxides or alkaline silicate solutions. Depending of raw material selection and processing 
conditions, geopolymers can have a wide variety of properties and characteristics, including high compressive 
strength, low shrinkage, fast or slow setting, acid resistance, fire resistance and low thermal conductivity [1].

Metakaolin is used in Portugal on a small scale, when compared with other countries like France, Brazil, India and 
USA. The raw material for its production is available in Portugal, mainly in the north-west littoral of the country. 
Metakaolin is produced from kaolin by calcination at temperatures between 650 ºC to 800 ºC [2].

The activators of the geopolymerization reaction have a key role on the final properties of the material.

Geopolymers can be activated with an alkaline solution usually potassium or sodium rich. The aims of this work is 
to determine the effects of alkaline solution type (K+ or Na+) and concentration and metakaolin replacement on the 
properties of geopolymers. The activatiors influence was assessed on mechanical properties and chemical resist-
ance. The geopolymers activated with KOH solution have better mechanical properties when compared with the 
geopolymers containing NaOH solution. The better concentration of the alkaline solution is around 6 to 8 molar.

Acknowledgments: this work was supported by project UID/GEO/04035/2013, and fellowship SFRH/BD/102837/2014 (first author), funded 
by Portuguese Foundation for Science and Technology.
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THE PROPERTIES OF CLAY BRICK WITH DIATOMS EARTH FROM 
BREWING INDUSTRY

Carmen martínez GarCía (1), teresa Cotes palomino (1)*, juan s. bueno rodríGuez (2), maría del 
pilar baena rus (1), maría sol bertoya (1), josé ferris pérez (1)
(1) Department of Chemical, Environmental and Materials Engineering, Higher Polytechnic School of Linares, University of 
Jaén, 23700 Linares (Jaén), Spain, (2) Fundación Innovarcilla, 23710 Bailén (Jaén), Spain 
*mtcotes@ujaen.es

Different nature mineral residues have been used as a substitute for clay in the manufacture of clay bricks baked 
by its low cost, and can lower the sintering temperature. A example of them is the diatoms earth, material abundant 
in the nature, of nature microporous, very employee in the industry as filter agent (61% of the world production 
of diatomite, [1]).

This work presents them results of a study whose objective is evaluate the influence that the particle size of the 
clay has on technological properties of ceramic bricks obtained with the addition of diatoms earth coming from the 
process of filtering of the beer. This residue has double nature inorganic and organic due to the organic matter re-
tained after the process of filtration of the beer. The organic nature of the residue will manifest itself in the process 
of sintered of the specimens, since it will provide part of the energy required in the oven in the cooking process.

We work with a clays mixture from the industrial area of Bailén (40% black clay; 30% red clay; 30% white clay). 
Once in the laboratory, the clay is crushed in a hammer mill (GRUBER model DUPLEX 21A) and sieved to three 
particle size fractions of work: a) 0,25-0,5 mm; b) 0,5-1 mm; c) 1-2 mm. Then, mixtures of clays and waste were 
prepared at the percentages of 0, 5, 10 and 15% of beer diatoms, that are formed in a uniaxial press MEM-101/20-
SDC, by adding the minimum amount of water required to prevent defects in the pressed, to 50 kN of pressure. 
The obtained pieces were dried in an oven at 105 ± 1 °C, before its sintering at 950 °C in an laboratory furnace 
NABERTHERM LA 60/14., with a ramp of 5 °C/min up to maximum temperature, maintenance of 1 h at 950 °C 
and cooling by convection.

Different testing of characterization of the starting materials were made. Clays mixtures to the different particle 
sizes underwent the Dilatrometric test. The calorific power was determined at the beer diatoms earths.

To the sintered specimens were determined the following technological properties: dry and sintered weight loss, 
dry and sintered linear shrinkage, water absorption (Standard UNE-EN 772-21 [2]), bulk density, open porosity 
and boiling water absorption (Standard ASTM C-373 [3]), and compressive strenght (Standard UNE-EN 772-1 
[4]). Also was determined the color of the specimens to see whether the particle size influences this parameter.

The results indicated an improvement in the mechanical properties of the manufactured samples with smaller 
particle fraction (0, 25-0, 5 mm), decreasing the values of water absorption and boiling water absorption, and an 
increase in bulk density. However the color of the samples is not significantly altered by the particle size of clay.

[1] Ediz N., Bentli I., Tatar I. (2010). Improvement in filtration characteristics of diatomite by calcination. Int. J. Miner. Process. 94 (3-4), 
129-134. http://dx.doi.org/10.1016/j.minpro.2010.02.004.

[2] UNE-EN 772-21:2011. Métodos de ensayo de piezas para fábrica de albañilería. Parte 21: determinación de la absorción de agua de piezas 
para fábrica de albañilería de arcilla cocida y silicocalcárea por absorción de agua fría.

[3] ASTM-C373-14a. Standard Test Method for Water Absorption, Bulk Density, Apparent Porosity and Apparent Specific Gravity of Fired 
Whiteware Products, Ceramic Tiles and Glass Tiles.

[4] UNE-EN 772-1:2011+A1. Métodos de ensayo de piezas para fábrica de albañilería. Parte 1: Determinación de la resistencia a compres-
sion.
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The action by the climate, the environment, the efficiency of resources and raw materials, is the fifth thematic pri-
ority of the social challenges on the Horizon 2020 programme, framework programme for research and innovation 
in the European Union (2014-2020). One of its lines of action is ‘the fight against climate change and adaptation to 
it, the protection of the environment, and the sustainable management of natural resources, water, biodiversity and 
ecosystems’ [1]. Moreover, the sector of the construction is one of the pillars of the economy to level world and 
one of them main managers of development; However, produces about 40% of solid waste reaching landfill, uses 
32% of the total number of resources in the world, 12% of the drinking water, 40 percent of the energy consumed 
and generated 38% of GHG emissions greenhouse (Eurostat data) [2]. Against this background, are considering 
various initiatives to reduce the environmental impact of the buildings. The most advanced is the efficiency energy 
of buildings, with new strategies as the certification of ‘sustainable building’ that is starting to be implemented in 
the legislation of some European countries.

In this context arises the need to develop new building materials that are sustainable to the environment. The devel-
oped lightweight aggregates in this work have with a double objective. On the one hand replace part of traditional 
raw material in its manufacturing (clay) by waste industrial (biomass fly ash and olive pomace) and by another 
obtain a material with best benefits both physical as thermal, respect to the original material.

The work begins characterizing the clays (white and black) and waste employees by differential thermal analysis, 
elemental analysis, XRD, termogravimetrias and FRX. It has determined the calorific power to alpeorujo due to 
the character organic of the waste, that putting of manifest its nature fuel. Dilatometric tets to the clays mixture and 
ash from biomass have also been realized.

A time formulated the mixtures of clays, biomass fly ash and olive pomace to the different proportions, is proceed-
ed to make the specimens using a uniaxial press MEM-101/20-SDC. Then, they led to stove to 105 ± 1 °C, and 
subsequently are sintered in a laboratory furnance NABERTHERM 60 / 14, to 1000 and 1150 °C. Once cooled 
specimens, they passed through the jaws crusher WEDAG EXPANOLA S.A to obtain the lightweight aggregates.

It is determinated the following physical properties to the lightweight aggregates obtained: a) weight loss after 
sintering; b) bulk density and voids volume (Standard UNE-EN 1097-3 [3]); c) dry particle density and water 
absorption (Standard UNE-EN 1097-6 [4]). Also are carried out measures of the emissions gaseous of the current 
of output of the sintered furnace. Finally, it was revealed its greater insulating power with respect to the traditional 
aggregate used in the drainage layers through thermal images made with a thermal imaging camera IR RayCAm 
CA 1886.

In conclusion, it has been obtained a less dense material with greater absortion of water than the traditional ag-
gregate, which improves its insulating ability, and that can be considered lightweight aggregate according to the 
Norma UNE-EN-13055-1 [5].

[1] http://eshorizonte2020.es/. [Available on February 14, 2017].
[2] Galán-Arboledas R.J., álvarez de diego J., Dondi M., Bueno S. (2016). Energy, environmental and technical assessment for the in-

corporation of EAF stainless steel slag in ceramic building materials. J. Clean. Prod. 142 (4), 1778-1788. http://dx.doi.org/10.1016/j.
jclepro.2016.11.110.

[3] UNE-EN 1097-3. Ensayos para determinar las propiedades mecánicas y físicas de los áridos. Parte 6: Determinación de la densidad 
aparente y la porosidad, 1999.

[4] UNE-EN 1097-6. Ensayos para determinar las propiedades mecánicas y físicas de los áridos. Parte 6: Determinación de la densidad de 
partículas y la aborción de agua, 2014.

[5] UNE-EN 13055-1. Áridos ligeros. Parte 1: Áridos ligeros para hormigón, mortero e inyectado, 2003.
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Clay soft unsuitable soils are frequently encountered in construction sites and represent a critical issue in engi-
neering project. To improve their engineering characteristics Portland cement and lime are commonly used but are 
associated with a significant environmental penalty. To address the competitiveness challenge of the construction 
industry to develop carbon-efficient geotechnical infrastructure, the use of a novel sustainable soil stabiliser has 
been explored. That is the development of alkali activated calcium-rich fly ash to stabilise clayey kaolin soil at 
ambient conditions.

In the present work, the physicochemical evolution of both the binder - an alkali activated calcium-rich fly ash 
- and the stabilised kaolin has been established. The aims are to understand (i) which phases from the original 
materials are dissolved and therefore accessible during process (ii) which secondary compounds are subsequently 
formed (iii) how the alkali activation process is modified when kaolin is added to the system. It is worth noting 
that the presence of calcium in the fly ash introduces additional complexity into the range of phases that can form. 
Indeed, a three-dimensional alkali aluminosilicate framework structure characteristic of geopolymer, as well as 
calcium (aluminium) silicate hydrate C-(A)-S-H found as cementitious product in lime or cement stabilisation can 
be expected. A set of complementary techniques specifically X-ray diffraction, Thermogravimetric analysis, Scan-
ning Electron Microscopy, Fourier Transform Infrared Spectroscopy, 29Si and 27Al Nuclear Magnetic Resonance 
has been used to assess the physicochemical evolution of the reaction system.

The results of the investigation show that the overall calcium bearing phases and part of the vitreous phase of 
the fly ash are dissolved during alkali activation releasing Ca, Si and Al. Amorphous calcium silicate chain with 
possibly aluminium crosslinked to the structure has been identified as a secondary product by NMR spectroscopy. 
While the formation of a coexisting three-dimensional geopolymeric type framework cannot be confirmed. The 
presence of an additional aluminosilicate source to the binder system that is to say kaolin does not modify in our 
case the phases dissolved and the amorphous products formed. Nevertheless, SEM images show that small-sized 
kaolinite platelets are covering fly ash particles during the process which could inhibit the extent of reaction. In 
conclusion, the complexity of the system involving the release of various species in the reaction system implies the 
formation of hardly identifiable cementitious compounds whose structure varies from the ones usually observed 
in either cement or geopolymer products, and raise concerns about durability which will be further studied. Future 
work will also focus on microstructural investigation and mechanical behaviour in order to complete a multi-scale 
analysis. 
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Due to the short elastic mean free path of electron in gas phase, X-ray electron spectroscopy (XPS) has long been 
restricted to measurements in ultra-high vacuum (10-9 mbar). However, recent improvements enable to perform 
photoemission measurements up to Near Ambient Pressure (NAP-XPS, ~10 mbar) by taking advantage of syn-
chrotron light brightness. NAP-XPS opens the way to characterize, in operando conditions, catalyst surfaces [1] as 
well as the surface of solutions [2] or wet environmental surfaces. For instance, it was shown that NAP-XPS can 
be used to probe the chemical environment of interlayer cations in the early stage of clay hydration [3].

Layered double hydroxides (LDH) consist of positively charged layers separated with hydrated anions, thus LDH 
can be regarded as complementary to the clay family. As evidenced from their general formula [MII

(1-x)M
III

x(OH)2]
[(An-)x/n·yH2O] (where MII, MIII, and An- are respectively a divalent metal cation, a trivalent metal cation, and a 
counteranion, and x is typically in the range of 0.2-0.33), LDH present a highly tunable chemical composition, 
which makes them suitable as anion exchange media, adsorbents [4], drug delivery systems [5] and so forth.

LDH functional properties depend on their hydration rate, so we performed at TEMPO beamline (SOLEIL syn-
chrotron facility) a NAP-XPS study of the water insertion into the archetypal [Mg0.66Al0.33(OH)2][(Cl-)0.33·yH2O] 
LDH. An increase of water pressure (from UHV up to few mbar) leads to a drastic and reversible modification of 
the Cl 2p spectrum (a shift to higher binding energy) that reflects a change in the core-hole relaxation energy due 
to formation of a water solvation shell around the ion NAP-XPS measurements, together with vibrational spec-
troscopy, X-ray diffraction and gas adsorption measurements allow getting a further insight to LDH hydration to 
the early stages of LDH hydration.

[1] Naitabdi A., Fagiewicz R., Boucly A., Olivieri G., Bournel F., Tissot H., Xu Y., Benbalagh R., Silly M.G., Sirotti F., Gallet JJ., Rochet, 
F. (2016). Oxidation of Small Supported Platinum-based Nanoparticles Under Near-Ambient Pressure Exposure to Oxygen. Top. Catal. 
59 p550-563.

[2] Tissot H., Oivieri G., Gallet J.J., Bournel F., Silly M.G., Sirotti F., Rochet F. (2015). Cation Depth-Distribution at Alkali Halide Aqueous 
Solution Surfaces. J. Phys. Chem. C 119 p9253-9259.

[3] Boucly A., Bournel F., Dubois E., Gallet J.J., Koishi A., Marry V., Michot L., Rochet F., Sirotti F., Tesson S., 2nd Annual APXPS Work-
shop @ Berkeley Lab.

[4] Khan A.I., Hare D.O., (2002). Intercalation chemistry of layered double hydroxides: recent developments and applications. J. Mater. 
Chem. 12 p3191-3198.

[5] Choy J., Kwak S., Jeong Y., Park J. (2000). Inorganic Layered Double Hydroxides as Nonviral Vectors. Angew. Chem. Int. Ed. 39 p4041-
4045.
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The continuation of the study of the origin of life, initiated by Urey and Miller in 1953, has enabled that many 
researchers propose new mechanisms for the synthesis of the building blocks of life such as amino acids. The 
experiments are of significance in relation to the formation of simple biochemical compounds such as carbon and 
nitrogen compounds formed under assumed conditions that existed during the early development of the earth’s 
crust. Pioneering Jean Oró experiments (1959) have shown that heating a combination of formaldehyde and hy-
droxylamine generate various biochemical compounds, such as amino acids, hydroxyl compounds. All that set the 
main compound is glycine.

Current models suggest that there was a thermal shock associated with both lightning strikes and high-energy 
meteorites producing NO in the atmosphere which consequently had to be dissolved in the sea in the atmosphere 
of early Earth. In addition, according to the review article Olso H2S was undoubtedly the most versatile on the 
early Earth could produce significant organic compounds such as thiols molecule. The work of Eoghan P. Reeves 
shows that simple alkylthiol are actively produced in cold areas around hydrothermal systems. These compounds 
are most likely involved in the emergence of microbial life and metabolism primitive systems.

Srdjan Stojanovic shows in his work that an iron (II) can catalyze the conversion of NO dissolved in water to 
species nitrosonium (NO +) and nitroxyl (HNO / NO-). The iron (II) complex dinitrosilo combined with ligands 
thiols catalyses the formation of NO + resulting in the synthesis of S-nitrosothiols both in vivo and in vitro. The 
mechanism involves the presence of nitroxyl ion which under appropriate pH conditions and under anoxic condi-
tions (similar to the conditions of the early Earth) leads to the formation of hydroxylamine (as reaction product of 
HNO / NO- with thiols).

The aforementioned previous studies allow us to previse the fundamental role of iron (II) with thiol ligands and 
NO and in the NO capture process that is still present as an ancient relic in today’s living systems. By means of 
Ab initio molecular dynamics and classical molecular dynamics we seek to understand the formation and stability 
of iron complexes with nitrosyl and thiol ligands within the interlaminar space of the clays in order to understand 
their catalytic role. 
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The Iberian Pyrite Belt, SW Iberian Peninsula, contains sites that can be used as natural analogues of Martian rocks 
that have been altered in acidic environments. Three localities in the Riotinto area and one in Tharsis were sampled 
for the laboratory investigation of the rocks and their clay constituents [1]. The rocks (Upper Palaeozoic) include 
mafic and felsic volcanics that have been subjected to a variety of processes (including hydrothermal alteration) 
with a final stage of acidic alteration (Miocene) produced by pyrite oxidation. The extent of the acidic alteration is 
not uniform, neither between sites nor within them. Investigation of the samples indicates that they all fall within 
the same geochemical trends, which are controlled by the intensity of the acidic alteration and are independent of 
the site location.

The rocks have a wide mineral suite corresponding to the intensity of the acidic alteration, from Fe- and Mg-
rich chlorite to alunite and jarosite. Quantitatively, the most prominent feature in the clay components produced 
during the acidic alteration is the replacement of hydrothermal illite by kaolinite. Kaolinite appears mainly as an 
end-member, although there is some interstratified kaolinite-smectite. The end-member kaolinite coexists with 
other mixed-layer phases including chlorite, vermiculite, illite and smectite. This indicates (a) the heterogeneous 
character of the acidic alteration and (b) where the acidic alteration was sufficiently intense to form kaolinite, few 
or no relics of previous clay layers were preserved interstratified with kaolinite. 

The sequence of illite replacement by kaolinite can be followed spectroscopically, using NIR data of the whole 
rock. The clay minerals and sporadic sulphates dominate some of the diagnostic areas of the NIR spectrum (2-2.4 
μm). Kaolinite features become obvious at 7 wt% (from XRD) concentration (in the clay suite, not the whole rock 
mineralogy), and effectively overwhelm illite features at 20 wt%. However, the transition of the spectroscopic 
features is not linear, and indicates partial control by crystal-order of the phases, as suggested by comparison with 
XRD data. 

The above observations are important to identify the occurrence and mode of acidic alteration on Mars. In par-
ticular, the observation of interstratified kaolinite-smectite, as recognized in some areas on Mars [2], may rule out 
acidic alteration as its origin because such alteration produces little or no mixed-layer kaolinite phases.

[1] Mavris C., Bishop J.L., Cuadros J., Nieto J.M., Michalski J.R. (2017). Clay-bearing paragenetic associations in Riotinto (SW Spain): 
Disentangling multiple pathways of acidic bedrock alterations on Mars. Lunar and Planetary Science Conference XLVIII, Abstract 1839.

[2] Cuadros J., Michalski J. (2013). Investigation of Al-rich clays on Mars: Evidence for kaolinite-smectite mixed-layer versus mixture of 
end-member phases. Icarus, 222, 296-306.
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Tetracyclines (TCs) are one of the most widely used classes of veterinary and human antibiotics around the world. 
Antibiotics enter in the environment through animal and human excretion via wastewater. The conventional treat-
ment of wastewater based on activated sludge is not completely efficient to remove antibiotics and their residues 
are still biologically active even at low concentrations. Therefore the implementation of advanced treatments to 
prevent the dispersion of antibiotics is necessary since they can cause resistances in bacteria due to their presence 
in raising concentrations. The objectives of this work were to assess the ability of two biochars and stevensite clay 
to adsorb TCs from water and to characterize the adsorption-desorption process of the most effective adsorbent.

The adsorbents tested were stevensite (tri-octahedral smectite) and two biochars made by pyrolysis of oak holm 
and forest pruning. Adsorption experiments of three TCs (oxitetracycline (OTC), tetracycline (TC) and chlortet-
racycline (ClTC)) were performed at initial TCs concentrations between 25 and 1000 mg L-1 in 0.01M NaNO3 at 
pH 2 and equilibration for 24 h. The results were fitted to Freundlich and Langmuir models. After TCs adsorption, 
stevensite was analysed by IR spectrometry to characterize the adsorption process. In order to assess the desorption 
process, after TCs adsorption on stevensite, desorption was performed using 0.01 M NaNO3 sequentially at acid 
(pH 2.0) and neutral (pH 7.5) pHs. Finally the adsorption of TCs on stevensite mixed with milled glass, was tested 
in continuous flow using pressurized columns. The initial composition of the effluent was: OTC, TC and ClTC at 
50 mg L-1 in 0.05M NaNO3 at pH 7.0. The analysis of TCs was performed by HPLC-PDA at 355 nm.

The two biochars tested presented maximum adsorption capacity of TCs between 11 and 44 mg g-1 according to 
Langmuir model. In contrast, stevensite showed higher maximum adsorption capacity for the three TCs tested, 
126 mg g-1 for OTC, 127 mg g-1 for TC and 140 mg g-1 for ClTC. Therefore stevensite was the most effective ad-
sorbent of TCs of the three adsorbents tested. IR spectrum showed the important role of amide and dimethylamino 
groups of TCs on the adsorption process on stevensite, therefore cation exchange and complexation are the main 
mechanism for TCs adsorption on stevensite [1]. Desorption at pH 2 and 7 of TCs followed the order: OxTC > TC 
> ClTC, therefore desorption experiments reflected the higher affinity of stevensite for ClTC than TC and OTC. 
Desorption at low concentrations of TCs (10 mg g-1) were lower than 0.1% because of the re-adsorption phenom-
ena. The maximum desorption (%) was obtained at pH 2 and at the highest concentration of TCs, the values were 
23% of OTC, 19% of TC and 17% of ClTC. At pH 7 the maximum desorption was 10% of OTC, 8% of TC and 
3% of ClTC after desorption at pH 2. The increment of pH from 2 to 7 did not increase the amount of TC and 
ClTC desorbed but the increment of pH promoted the desorption of OTC at concentration below 72 mg g-1 (57% 
of maximum adsorption capacity). The adsorption of TCs on continuous system reached 188, 319 and 505 mg of 
OTC, TC and ClTC, respectively on 10 g of stevensite. Total TCs adsorption was 101 mg g -1. The removal rates 
of OxTC, TC and ClTC were 36, 43 and 55%, respectively of the total amount of each antibiotic. The data confirm 
that ClTC presented more affinity to stevensite followed by TC and finally OxTC. In conclusion, stevensite is 
more effective than biochars for TC removal from water. Stevensite showed high adsorption and low desorption 
capacity for TCs. The most probable mechanism of adsorption of TCs on stevensite is the cation exchange and 
complexation involving amide group. The results demonstrate the usefulness of the stevensite as an appropriate 
adsorbent of tetracycline antibiotics.

[1] Aristilde, L., Lanson, B., Miéhé-Brendlé, J., Marichal, C., Charlet, L. (2016). Enhanced interlayer trapping of a tetracycline antibiotic 
within montmorillonite layers in the presence of Ca and Mg. Water. Journal of Colloid and Interface Science. 464.153-159.
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Tetracyclines (TC) are the most used antimicrobials for animal feedstock in the EU (1/3 of sales in 2014, [1]. They 
are also used for humans and plant agriculture [2]. The persistence of these emerging pollutants in the environment 
is due to their relative long half-life (1/2 years) in residual organic-mineral sludges susceptible to be accumulated 
in sediments and soils [3]. Residual water treatments are not efficient to reduce or degrade this and other pharma-
ceutical soluble products, being biowaste debris adsorption processes responsible for their fixation [4]. The risk 
associated with this persistence is the development of antibiotic resistance microbiota which can affect ecosystems 
and human beings. The aim of this work was to assess the adsorption rate of tetracycline onto natural geosorbents 
such as clays and iron hydr(oxides).

Several mineral materials were studied, without any pre-treatment, for screening their potential capacity to ad-
sorb TC as a model for aqueous soluble emerging pollutants. These materials were: illite from Carboneros (Jaén, 
Spain), sepiolite from Madrid (Spain), five smectitic materials (beidellitic soil and stevensite from Madrid basin, 
Spain), montmorillonites (low charge MX-80 (USA), high charge (Almería, Spain), high charge (ideal iron absent 
montmorillonite, Santiago, Chile). We also tested a calcined sewage sludge. Moreover, two-line ferrihydrite and 
goethite were synthetized and tested as iron hydr(oxides) sorbents. In addition to basic mineralogical, physical and 
chemical (CEC or BET surface area) properties, point of zero salt effect (PZSE) was determined to evaluate the pH 
dependent speciation of TC (tetracycline hydrochloride) with the retention capacity of materials [5]. TC adsorption 
was studied through batch experiments. Adsorption capacity was assessed using different TC (33, 132, 322, 625 
and 1,176) mg·L-1 on solid geosorbents (2.5 g for clays and calcined sewage sludge, and 4.0 g for iron oxides) 
at pH 4, 6 and 8. Adsorbed TC was quantified by UV spectrophotometry (250 nm) 30 minutes after interaction. 

Clay minerals illite, smectite and sepiolite adsorbed more TC than any other materials. In contrast, iron oxides 
showed the lowest values in terms of maximum adsorption and adsorption intensity when high TC concentration 
were present in solution. Among phyllosilicates, ideal montmorillonite (fully octahedral charge, either low charge 
or iron absent high charge) showed the highest adsorption capacity surely due to their capacity to integrate TC 
in the interlayer region. There was not significant dependence of TC adsorption with the magnitude of CEC or 
solution pH. TC molecule is cationic at pH < 4 and maintain both negative and positive charged groups (zwitter-
ionic) with a maximum at pH =5.5, being progressively lost up to pH 8. Then, strict ionic interlayer adsorption is 
enhanced at low pH in clays [6]. However, TC adsorption is favoured by polar interactions induced by the presence 
of hydrated divalent cations and the formation of hydrogen bridges within clay interlayers [7]. The best adsorption 
isotherm fitting with Freundlich model suggests the influence of physical processes as geometry or surface struc-
ture (electric charge distribution) as adsorption controlling mechanisms of tetracycline on these materials.

[1] ESVAC (2016). Sales of veterinary antimicrobial agents in 29 European countries in 2014. Sixth ESVAC report EMA/61769/2016. Eu-
ropean Medicines Agency, 176 pp.

[2] Stockwell V.O., Duffy B. (2102). Use of antibiotics in plant agriculture. Rev Sci Tech. 31. 199-210.
[3] Chee-Sanford, J.C., Mackie, R.I., Koike, S., Krapac, I.G., Lin, Y-F., Yamarell, A.C., Maxwell, S., Rustam, I., Rowett, A. (2009). Fate 

and Transport of Antibiotic Residues and Antibiotic Resistance Genes following Land Application of Manure Waste. J. Environ. Qual. 
38:1086-1108 (2009).

[4] Kim, S., Eichhorn, P., Jensen, J.N., Weber, S., Aga, D.S. (2005). Removal of Antibiotics in Wastewater:  Effect of Hydraulic and Solid 
Retention Times on the Fate of Tetracycline in the Activated Sludge Process. Environ. Sci. Technol., 39. pp 5816-5823.

[5] Pansu, M., Gautheyrou, J. (2003). Handbook of Soil Analysis Mineralogical, Organic and Inorganic Methods. Springer. 652 pp.
[6] Sithole, B.B. and Guy, R.D. (1987). Models for tetracycline in aquatic environments l. lnteraction with Bentonite Clay Systems. Water. 

Air, and Soil Pollution, 32, 303-314.
[7] Aristilde, L., Lanson, B., Miéhé-Brendlé, J., Marichal, C., Charlet, L. (2016). Enhanced interlayer trapping of a tetracycline antibiotic 

within montmorillonite layers in the presence of Ca and Mg. Water. Journal of Colloid and Interface Science. 464.153-159.
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Due the recognized biocompatibility and low toxicity, among other properties essential to nanomedicine the Lay-
ered Double Hydroxides (LDHs) have been studied as potential resources for therapeutic and imaging purposes 
[1,2]. The main subject of this work was to evaluate the biocompatibility of the LDHs by in vivo assays via intra-
muscular tablets implantation in mice abdominal wall. 

The materials were obtained by co-precipitation method and characterized by physico-chemical techniques: chem-
ical elementary analysis, X-ray diffraction, mass spectrometry coupled to thermogravimetric analysis (TGA-MS), 
zeta potential, size and (IR and Raman) spectroscopy. The tablets are composed by chloride ions intercalated into 
LDH of magnesium/aluminum (Mg2Al-Cl) and zinc/aluminum (Zn2Al-Cl). According to the metal content anal-
ysis and the weight percentage of H2O (obtained from TGA curve), the chemical compositions of LDHs material 
prepared in this work are [Mg2.10Al(OH)6.20]Cl∙2.3H2O and [Zn2.08Al(OH)6.16]Cl∙1.7H2O. The medium hydrody-
namic diameters of the magnesium and zinc LDHs particles are 85 nm and 104 nm, respectively. 

Through the histological analysis of the post-implanted tablets (7 and 28 days) it was possible to evaluate the an-
tigenicity and tissue integration capacity of the LDHs. Two major observations can be emphasis that is related to 
the absence of fibrous and inflammatory reactions for both materials. Additionally, the Mg2Al-Cl induced multiple 
collagen invaginations (mostly collagen type-I) among its fragments while Zn2Al-Cl promoted predominantly col-
lagen type-III after 28 days of implantation. Therefore, the histological results, independently of the metals com-
position, demonstrated a good tissue repair with characteristic biocompatibility, promoted the deposition of 
collagen and the appropriate extracellular matrix remodelling. However, at the same time, the results suggest 
that depending on the target effect, the layers composition with different metal cation (magnesium or zinc) can 
induce the tissue remodelling to the desired collagen type. The microcirculation in tissue monitored in real time 
by the Sidestream Dark Field imaging, revealed overall integrity of the microcirculatory network neighbouring the 
tablets, with no blood flow obstruction, bleeding and/or increasing of leukocyte endothelial adhesion. 

This work supports previous results in the literature about LDHs compatibility with living matter, endorsing them 
as functional materials for biomedical applications.



Scientific Research Abstracts
Vol. 7, p. 175, 2017
ISSN 2464-9147 (Online)
XVI International Clay Conference | ICC 2017 | Granada, Spain
© Author(s) 2017. CC Attribution 3.0 License

CLAY DUNES IN THE MURRAY-DARLING BASIN, AUSTRALIA: ORIGIN, 
AGE AND PALAEOENVIRONMENTS

matt cuppEr

School of Earth Sciences, The University of Melbourne, Melbourne 3010 Australia 
cupper@unimelb.edu.au

Clay dunes are widespread in the Murray-Darling Basin of southeastern Australia [1,2]. They are low, trans-
verse aeolian deposits downwind of salt lakes where saline groundwater discharges from regional aquifers in the 
semi-arid basin depocentre. These source-bordering dunes range in height from 10 m to thin veneers less than 1 m 
thick draping older sand dunes, are up to 500 m wide and can be several kilometres in length. Dunes often curve 
around the lake margins, with this arcuate form reflected in their local name, lunette [1]. Those dune sediments 
stacked over earlier deposits are interspersed by red-brown earth palaeosols.

Laser particle size analysis, micromorphological thin-sections and XRF show dune sediments are up to 75% clay, 
with lesser proportions of quartzose or gypseous silt and sand, although some deposits have abundant quartz or 
gypsum with as little as 10% clay. Pedogenesis has often altered the sediments to depths of at least several metres. 
Original pelletal clay aggregates have typically fused, forming a clayey silty plasmic matrix around skeletal quartz 
sand grains. Sand grains are coated by argillans (clay skins).

Clay minerals will only be entrained by wind under specific environmental conditions. Salt lake surface sediments 
must be desiccated, with interstitial growth of salt crystals or shrinking and curling of sun-cracked, polygonal 
crusts, which break the clays into fragments tractable by wind currents [1-5]. Further mechanical breakdown may 
occur as sand-sized aggregates (pellets) of clay move by saltation or traction across the dry lake surface [1-5]. 
Saltating particles can become trapped in vegetation fringing the basin. Successive clay horizons in dunes stabilize 
as the clay aggregates coalesce. The minerals in these aggregates hygroscopically absorb moisture due to seasonal 
increases in humidity and periodic rainfall [2-5]. This causes the clay horizons to stabilize. Subsequent deflation 
deposits more thin layers of clay over the stabilized, pre-existing surfaces. This layered accretion produces planar 
beds with very low angle (<10°) dips conformable to dune topography.

Clay dunes are usually on the northeastern corners of the salt lakes. Their axes are aligned northwest-southeast, 
suggesting dunes were formed by southwesterly winds. Such climatic conditions predominate in the austral sum-
mer, the direst part of the year in southeastern Australia. This further supports the inference that the lakebeds 
lacked surface-water during dune emplacement, because the lakes are mostly dry in summer. Gypsum is present 
in the dunes as eroded clastic gypsarenite, indicating that the lakes were hypersaline prior to lake floor desiccation 
and deflation. Wüstenquarz (iron-coated quartz silt) also occurs, showing aeolian input from adjacent mobile sand 
dunes.

Optically stimulated luminescence (OSL) dating of quartz sand within the deposits shows clay dunes formed epi-
sodically, primarily during the late Pleistocene 48,000-36,000, 21,0000-16,000 and 14,000-11,000 years ago. Mi-
nor aeolian clay deposits also accumulated during periods of the Holocene at 7000-6000 and 3000-1000 years ago. 

Desiccation of the lake floors and deflation of basin sediments to form clay dunes is interpreted to have occurred 
over the arid late glacial and to a lesser extent in drier intervals of the Holocene. The deflationary events are as-
sociated with fluctuating water-tables in the Murray-Darling Basin [6]. Clay dunes can therefore serve as proxy 
indicators of past moisture budgets, atmospheric circulation patterns and temperature.

[1] Hills E.S. (1940). The lunette: a new landform of aeolian origin. Australian Geographer 3, 1-7.
[2] Bowler J.M. (1973). Clay dunes: their occurrence, formation and environmental significance. Earth-Science Reviews 9, 315-338.
[3] Coffey G.N. (1909). Clay Dunes. The Journal of Geology 17, 754-755.
[4] Huffman G.G., Price W.A. (1949). Clay dune formation near Corpus Christi, Texas. Journal of Sedimentary Petrology 19, 118-127.
[5] Price W.A. (1963). Physicochemical and environmental factors in clay dune genesis. Journal of Sedimentary Petrology 33, 766-778.
[6] Cupper M.L. (2006). Luminescence and radiocarbon chronologies of playa sedimentation in the Murray Basin, southeastern Australia. 

Quaternary Science Reviews 25, 2594-2607.
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The main objectives of this study were to assess the formulation and durability of metakaolin-based geopolymers 
as an alternative to traditional Portland cement. A formulation assessment performed exclusively on geopolymer 
made from flash metakaolin and sodium silicate and hydroxide, has shown performances comparable to a CEM I 
52.5 with a faster cure kinetics. 

The achievement of concrete, up to precast plant, showed the ability of geopolymer to completely substitute known 
hydraulic binders, in terms of workability and compressive strength. 

Durability issues related to the high alkali content in this matrix were assessed by studies on alkali-silica reaction 
and carbonation. The results obtained have concluded that the alkali-silica reaction would not be detrimental in 
metakaolin-based geopolymer, and that the very rapid reaction of the alkalis in the geopolymer pore solution with 
atmospheric CO2 does not lead to a significant drop of the pH, thus limiting the appearance of corrosion issues due 
to carbonation.
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Supercritical fluids-based technologies are developed for more than 40 years. Years after years the sub- and super-
critical fluids route finds new applications in the field of materials by design from organics to inorganics through 
carbon-based materials [1]. This continuous method is fast (few tens of seconds), sustainable and scalable and 
gives access to high quality nanostructured materials with unique physico-chemical properties; this means which 
can not be obtained with other synthetic methods [2]. More recently, supercritical continuous fluids technology, 
especially using water as solvent, has been investigated as an alternative and scalable approach for clay mineral 
processing [3,4,5]. This presentation proposes to introduce first the specific properties of supercritical fluids, with 
a focus on the ones of water, followed by the description of the principle of the processing of materials in super-
critical fluids with the associated technologies [6]. The need to open the black box of the near- and supercritical 
fluids processes brought us to develop numerous tools for in situ characterizations to have a better insight into hy-
drodynamics, thermodynamics, chemistry and nucleation & growth [7]. This will be also described knowing that 
this is a key issue to better understand but also to better control. We have proposed the first proof of the synthesis 
in few tens of seconds of clay minerals, namely talc, in a continuous process [3]. This innovative route offers the 
possibility to obtain a range of nanominerals differing in their degree(s) of crystallinity and size just by adjusting 
synthesis time and/or temperature. Beyond the control of these characteristics, this synthetic talc exhibits unique 
properties as its hydrophilicity. This hydrophilic character of the synthetic talc has conducted to the formulation 
of the first fluid talc filler. More recently, we went one-step forward with the demonstration of the possibility to 
prepare highly crystalline geominerals in just a few seconds again but under thermodynamically metastable con-
ditions. This will be illustrated with the synthesis of the torbermorite mineral which is not abundant in nature but 
very interesting in the construction industry [4]. As a result of the supercritical continuous hydrothermal synthesis, 
highly crystalline fibrillar tobermorite can be obtained in just a few seconds under thermodynamically metastable 
conditions at 400 °C and 23.5 MPa. In addition to chemistry, it is also possible to play with the process to develop 
multifunctional materials. Instant one-pot synthesis of functional LDH has been developed using a subcritical 
continuous hydrothermal multiple process for the preparation of i) pristine LDH with different compositions by 
varying the cation (Mg, Ni, or Zn) and the anion (CO3, NO3) and ii) functional LDH by varying the functionaliza-
tion agent, for example large/long organic molecules (hybrid LDH), enzymes (bio-hybrid LDH) or still inorganic 
metal /oxide nanocrystals (inorganic-LDH) [5]. The benefits of the sub- and supercritical continuous hydrothermal 
route include not only better performances for advanced applications but also environmental issues associated with 
the synthesis process. We will also stress challenges towards the transfer at the industrial scale of this technology 
in a near future.

[1] Padmajan S., Poulin P., Aymonier C. (2016). Prospects of Supercritical Fluids in Realizing Graphene Based Functional Materials, Ad-
vanced Materials, 28, 2663-2691.

[2] Roig Y., Marre S., Cardinal T., Aymonier C. (2011). Synthesis of exciton luminescent ZnO nanocrystals using continuous supercritical 
microfluidics, Angewandte Chemie International Edition, 50, 12071-12074.

[3] Dumas A., Claverie M., Slostowski C., Le Roux C., Micoud P., Martin F., Aymonier C. (2016). Fast geomimicking using chemistry in 
supercritical water, Angewandte Chemie International Edition, 55(34), 9795-10149.

[4] Diez-Garcia M., Gaitero J.J., Dolado J.S., Aymonier C. (2017). Ultra-fast tobermorite supercritical hydrothermal synthesis under thermo-
dynamically metastable conditions, Angewandte Chemie International Edition, 56, 1-6.

[5] Pascu O., Marre S., Cacciuttolo B., Ali G., Hecquet L., Pucheault M., Prevot V., Aymonier C. (2017). Instant one pot preparation of func-
tional layered double hydroxides (LDH) via a continuous hydrothermal approach, manuscript in preparation.

[6] Aymonier C., Loppinet-Serani A., Reveron H., Garrabos Y., Cansell F. (2006). Review of supercritical fluids in inorganic materials sci-
ence, Journal of Supercritical Fluids, 38, 242-251.

[7] Philippot G., Bojesen E., Elissalde C., Maglione M., Aymonier C., Iversen B (2016). Insights into BaTi1-yZryO3 (0 ≤ y ≤ 1) synthesis 
under supercritical fluid conditions, Chemistry of Materials, 28(10), 3391-3400.
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Among the many aluminosilicate raw materials suitable for the synthesis of Alkali Activated Materials (AAMs) 
including geopolymers, the latest research on geopolymers is dealing with an increasing interest in the sustainable 
use of widely available raw materials and hazardous wastes recycling. 

In the same vein, the involvement of Apulian illitic carbonate-rich clay sediments for geopolymer production may 
promote the knowledge on the use of natural clay deposits to produce AAMs, providing a more ecological intended 
use of such clays, which are currently involved in the local industry of cements and ceramic tiles. 

Although illite/smectite clay sediments have been found to be suitable for AAMs, the complex mineralogical com-
position of Apulian carbonate-rich illitic clays open some challenges about the most effective processing method-
ology aimed at the increase of the clay reactivity for the synthesis of geopolymers and to produce a positive effect 
of calcium compounds on the final product strength.

Apulian carbonate-rich clay samples were subjected to thermal activation in red-ox atmosphere (temperatures 
between 400 and 900 °C), mechanical activation (milling for 5, 10 and 15 minutes) and to a combination of such 
treatments. 

A preliminary geopolymer synthesis has been conducted on differently treated samples, selected on the basis of 
the highest amorphous content and Si and Al release in alkaline solution, to assess the effects of different clay 
pre-treatments on clay reactivity. Moreover, two solutions (NaOH 8M and Na2SiO3 with SiO2/Na2O = 2.06) were 
used as activators, to investigate how the presence of soluble silica influences the final reaction products and prop-
erties of geopolymers. 

The preparation of the pastes started from mixing the treated clays and the two different activators, adopting the 
lowest liquid/solid ratio to ensure the minimum paste workability condition (L/S ranging from 0.5 to 0.8). The 
resulting geopolymers have been characterised through XRPD, FT-IR, SEM-EDAX analysis and compressive 
strength tests.

In particular, a positive correlation between the compressive strength and the amorphous content of the raw mate-
rials (and, subordinately, the sodium silicate/solid ratio) was observed.

The best strength results are observed for the geopolymers obtained after alkali activation with sodium silicate (L/S 
= 0.8) of the thermally activated clay at 800 °C in oxidising atmosphere, probably due to the contribution of the 
increased content of soluble silica and highly reactive lime and portlandite. 

Additionally, the activation of treated clays with sodium silicate brought the geopolymers to show a more reacted 
and homogeneous geopolymeric matrix enriched in calcium, identified as (N,C)-A-S-H gel, compared to geopol-
ymers obtained after clay activation by NaOH. In this latter case, low reacted matrix resulted in the formation of 
zeolites as secondary reaction products and in very low compressive strength values.



Scientific Research Abstracts
Vol. 7, p. 179, 2017
ISSN 2464-9147 (Online)
XVI International Clay Conference | ICC 2017 | Granada, Spain
© Author(s) 2017. CC Attribution 3.0 License

MESOSCALE ANISOTROPY OF CLAY POROUS MEDIA: A COMBINED 
EXPERIMENTAL AND NUMERICAL STUDY

thomas daBat *, arnaud mazuriEr, FaBiEn huBErt, EmmanuEL tErtrE, Brian grEgoirE, Eric 
FErragE 
IC2MP-Hydrasa, UMR 7285 CNRS, Université de Poitiers, 86073 Poitiers, France

Mutual arrangement of lamellar clay particles most often controls the anisotropic properties of natural clay mate-
rials by influencing the morphology of pore network, which in turn impacts the overall directional dependence of 
fluid transfer within. As a consequence a detailed characterization of the mesoscale properties of clay porous media 
(orientation of particles and associated shape and size of pores) is necessary in order to connect the mechanisms 
occurring at different length scales, i.e., from the nanoscale (inter-)layers to the macroscale (centimeter).

Our study is based on a combined use of simulated and experimental results aiming at refining our understanding 
of orientational properties of lamellar particles in clay porous media. 

Virtual three-dimensional clay porous media were obtained using a sequential deposition algorithm of particles 
having disc geometry [1-2]. According to this algorithm, the one-by-one particle deposition is performed under a 
gravitational field according to the steepest-descent method. The obtained simulations allowed reproducing a wide 
range of virtual porous media as defined from the obtained order parameter S (S=0 for isotropic system and S=1 
for perfectly aligned particles in the porous medium; [3]). By plotting the porosity of the media as a function of 
order parameter S a master curveis observed[2]. Moreover, the obtained virtual porous media can then be used to 
assess the size of the representative elementary volumes as well as the size and shape of the pores based on the 
chord length distribution analysis.

Experimental porous media were obtained by sedimentation of PTFE discs in a large column using different sol-
vents. These media were analyzed by X-ray microtomography through the EasyTom XL Duo system (RX-solu-
tions) set at the University of Poitiers. The porosity and S values from a sub-volume in the column was quantified 
by means of digital segmentation of pores and discs. The relationship between porosity and parameter S, obtained 
from both experiments and simulations are in good agreement. Such an agreement corroborates both the pore net-
work morphology and the orientation density functions (ODFs) of clay particles derived from the virtual porous 
media with different degree of anisotropy. These ODFs are successfully compared with existing data obtained 
with more complex systems, i.e., from monomineralic clay material [4-6] to polymineralic shale samples [7] and 
provides sound constraints on the representativeness of the obtained virtual porous media.

The simulation of representative three-dimensional virtual porous media for clay materials represents an important 
step for a better understanding of anisotropic features in clay porous media, i.e., particle orientation and associated 
evolution of pore network morphology. Moreover the results obtained in this study could provide sound constraints 
for the design of upscaling schemes devoted to predict macroscopic properties of clay materials (e.g., diffusive, 
dielectric, and elastic properties) on the basis of properties of clay minerals commonly derived at the molecular 
and mesoscopic scales.

[1] Coelho D., Thovert J.-F., Adler P.(1997). Geometrical and transport properties of random packings of spheres and aspherical particles. 
Phys. Rev. E55, 1959-1978.

[2] Ferrage E., Hubert F., Tertre E., Delville A., Michot L.J., Levitz P.(2015). Modeling the arrangement of particles in natural swelling-clay 
porous media using three-dimensional packing of elliptic disks. Phys. Rev. E 91, 62210.

[3] Davidson P., Petermann D., Levelut A.-M. (1995). The measurement of the nematic order parameter by x-ray scattering reconsidered. J. 
Phys. II 5, 113-131.

[4] Perdigon-Aller A.C., Aston M., Clarke S.M. (2005). Preferred orientation in filtercakes of kaolinite. J. Colloid Interface Sci. 290, 155-165.
[5] Lutterotti L., Voltolini M., Wenk H.-R., Bandyopadhyay K., Vanorio T. (2010). Texture analysis of a turbostratically disordered Ca-mont-

morillonite. Am. Mineral. 95, 98-103.
[6] Hubert F., Bihannic I., Prêt D., Tertre E., Nauleau B., Pelletier M., Demé B., Ferrage E. (2013). Investigating the anisotropic features of 

particle orientation in synthetic swelling clay porous media. Clays Clay Miner. 61, 397-415.
[7] Kanitpanyacharoen W., Vasin R., Wenk H.-R., Dewhurst D.N. (2014). Linking preferred orientations to elastic anisotropy in Muderong 

Shale, Australia. Geophysics 80, C9-C19.
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Zeolites are vastly used in the industry (i.e. adsorbents in gas purification, ion exchanger in detergents, petroleum 
refinement catalysis, or in petrochemistry), because their high ion exchange potential, high surface area distributed 
throughout pores with several diameters, high thermal stability and high acidity. Synthetic zeolites exhibit higher 
purity, crystallinity and uniformity of particle sizes than natural zeolites. They can be prepared from chemical 
sources of silica and alumina, but the process is expensive. This problem can be resolved and the costs can be 
reduced by using natural materials.

Palygorskite, a magnesium aluminum non-planar hydrous 2:1 phyllosilicate with modulated structure, exhibits a 
fibrous morphology, has great internal surface and contains exchangeable cations and reactive Si-OH groups on its 
surface. In the present study, an Algerian palygorskite [1,2] (Pal, Figure 1a) is transformed to silica source via acid 
activation, which is a simple and low-cost effective method.

The synthesis of low silica zeolites essentially consists of two steps; preactivation of Pal to get X-ray amorphous 
product and hydrothermal reaction of activated Pal with aqueous alkali and sodium aluminate. For this purpose, 1 
g of Pal is activated using HCl solution (Figure 1b) at 4N. The obtained solid is dried and then mixed with NaOH 
solution of 5 N stirred with solid/liquid ratio of the clay and alkaline solution is 1 g/20 mL and 5 g of NaAl2O3 
with 20 mL of deionized water. The obtained gel solution is fitted in an autoclave which is kept in a conventional 
oven (6, 18 and 24 hours). The synthesized products are washed with deionized water twice, and then dried at 80 
°C and 24 h.

X-ray diffraction proved the presence of all characteristic peaks of zeolite A, and electron microscopy revealed the 
presence of the rhombohedra forms referring to zeolite A morphology (Figure 1c).

Fig. 1. The SEM images of: (a) the Algerian palygorskite (b) Actived palygorskite (c) zeolite A.

Thanks to the FP7 Marie-Curie Action IRSES-MEDYNA action under GA PIRSES-GA-2013-6125.

[1] Belaroui L.S., Dali Youcef L., Ouali A., Bengueddach A., Lopez Galindo A. (2014). Mineralogical and chemical characterization of paly-
gorskite from East-Algeria.Macla, 19, http://www.ehu.eus/sem/macla_pdf/macla19/Belaroui.et.al_SEM2014.WEB.pdf.
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Bionanocomposites are a type of nanostructured biohybrid materials resulting from the assembly of naturally 
occurring polymers and inorganic solids with particle size in the nanometer scale [1], as for instance diverse clay 
minerals with layered or fibrous morphology [2,3]. Amongst biopolymers, there is a special interest in the use of 
polysaccharides for the preparation of bionanocomposites due to their abundancy in nature and their renewable 
and biodegradable character. In the recent years, many works are focusing on the use of cellulose, the most abun-
dant polysaccharide on Earth, to develop new hybrid materials involving clay minerals [4-7]. Cellulose chains con-
sisting of β(1→4) linked D-glucose units are arranged in crystalline and amorphous regions forming elementary 
fibrils, which are in turn assembled forming the cellulose fibers present in the cell wall of plants [8].

In this context, the current work explores the development of biohybrids based on the assembly of cellulose nano-
fibers (CNF) to the fibrous clay sepiolite. For this purpose, Pangel® S9, sepiolite from Vallecas-Vicálvaro of rhe-
ological grade commercialized by Tolsa SA, was used together with CNF (dimensions around 0.5-2 µm in length 
and 4-20 nm in diameter), which was prepared following a reported procedure [9] and gently provided by Prof. P. 
Mutjé (LEPAMAP group, Univ. of Girona, Spain). Aqueous suspensions of CNF and sepiolite were combined by 
means of shear force and ultrasounds energy in order to produce homogenous and stable gels, which can be dried 
by solvent casting or vacuum filtration leading to self-standing films [7]. The sonication treatment seems to be 
compulsory in order to obtain uniform films with a considerable degree of transparency. The characterization of 
these materials reveals the good interaction between both types of fibers of biological and inorganic nature. The 
decrease in intensity of the IR vibration band at 3720 cm-1, related to the O-H stretching vibration of silanol groups 
in sepiolite, suggests a perturbation due to their hydrogen bonding interaction with hydroxyl groups in CNF. Ac-
cordingly, XPS results show a large perturbation in the C1s signal from CNF as a consequence of its interaction 
with sepiolite. Tensile modulus values of hybrid films show slightly higher values than those of the individual 
components, reaching a maximum value of 3.4 GPa for the material containing 20% sepiolite. The thermal stabili-
ty was also improved as the sepiolite content increased, showing a shift in the thermal decomposition temperature 
towards higher values. The degree of hydrophobicity can be also controlled with the sepiolite content, and thus, 
water adsorption was reduced in hybrid films containing a small percentage of inorganic fibers in comparison to 
pristine CNF. The possibility of incorporating other nanoparticles allows the preparation of multifunctional mate-
rials [10]. For instance, multi-walled carbon nanotubes (MWCNTs) can be included in the CNF-sepiolite hybrids 
in order to provide them with electrical conductivity, allowing their application as active phase in sensor devices. 

Acknowledgements: MINECO (Spain), projects MAT2012-31759 & MAT2015-71117-R, and PhD fellowship BES-2013-064677 (MMGC).

[1] Darder M., Aranda P., Ruiz-Hitzky E. (2007). Bionanocomposites: A new concept of ecological, bioinspired and functional hybrid mate-
rials. Adv. Mater. 19, 1309-1319.

[2] Ruiz-Hitzky E., Darder M., Aranda P. (2005). Functional biopolymer nanocomposites based on layered solids. J. Mater. Chem. 15, 3650-
3662.

[3] Ruiz-Hitzky E., Darder M., Fernandes F.M., Wicklein B., Alcântara A.C.S., Aranda P. (2013). Fibrous clays based bionanocomposites. 
Prog. Polym, Sci. 38, 1392-1414.

[4] Wu C.N., Saito T., Fujisawa S., Fukuzumi H., Isogai A. (2012). Ultrastrong and high gas-barrier nanocellulose/clay-layered composites. 
Biomacromolecules 13, 1927-1932.

[5] Aulin C., Salazar-Alvarez G., Lindstrom T. (2012). High strength, flexible and transparent nanofibrillated cellulose-nanoclay biohybrid 
films with tunable oxygen and water vapor permeability. Nanoscale 4, 6622-6628.

[6] Donius A.E., Liu A.D., Berglund L.A., Wegst U.G.K. (2014). Superior mechanical performance of highly porous, anisotropic nanocellu-
lose-montmorillonite aerogels prepared by freeze casting. J. Mech. Behav. Biomed. Mater. 37, 88-99.

[7] Ruiz-Hitzky E., Aranda P., Darder M., González del Campo M.M. (2014). Spanish patent P201431000.
[8] Moon R.J., Martini A., Nairn J., Simonsen J., Youngblood J. (2011). Cellulose nanomaterials review: structure, properties and nanocom-

posites. Chem. Soc. Rev. 40, 3941-3994.
[9] Saito T, Kimura S, Nishivama Y, Isogai A. (2007). Cellulose Nanofibers prepared by TEMPO-Mediated Oxidation of Native Cellulose. 

Biomacromolecules 8, 2485-2491.
[10] González del Campo M.M., Darder M., Aranda P., Huttel Y., Akkari M., Mayoral A., Ruiz-Hitzky E. (In preparation). Nanocellulose-se-

piolite: a new nanoheterofibrous functional hybrid material.



Scientific Research Abstracts
Vol. 7, p. 182, 2017
ISSN 2464-9147 (Online)
XVI International Clay Conference | ICC 2017 | Granada, Spain
© Author(s) 2017. CC Attribution 3.0 License

CHARACTERIZATION AND AMINE BINDING CAPACITY OF NATURAL 
CUBAN ZEOLITE AS WELL AS ITS ORAL AND TOPICAL APPLICATIONS 
IN THE MEDICINE

Wilfried datHe (1)*, tHanGaraj selvam (2), WilHelm sCHWieGer (2), riCHard p. baum (3), javiera 
Cervini-silva (4), stepHan kaufHold (5), arturo arjona torres (6)
(1) Heck Bio-Pharma GmbH, Gerberstraße 15, D-73650 Winterbach, Germany, (2) Friedrich-Alexander-Universität 
Erlangen-Nürnberg, Institute of Chemical Reaction Engineering, Egerlandstraße 3, D-91058 Erlangen, Germany, (3) 
Zentralklinik Bad Berka GmbH, Clinic for Molecular Radiotherapy and Molecular Imaging, Robert-Koch-Allee 9, D-99437 
Bad Berka, Germany, (4) Departamento de Procesos y Tecnología, Universidad Autónoma Metropolitana Unidad Cuajimalpa, 
México City, Mexico, (5) BGR Bundesanstaltfür Geowissenschaften und Rohstoffe, Stilleweg 2, D-30655 Hannover, 
Germany, (6) Hospital General Universitario “Vladimir Ilich Lenin”, Avenida Lenin No. 2, entre18 y 26, Holguín, Cuba 
*daweidoc@gmx.de

The use of natural zeolites for medicine requires a detailed analysis of their chemical composition, phase purity, 
ion-exchange properties and microstructural harmlessness as described previously [1]. This Cuban zeolite contains 
clinoptilolite and mordenite as major phases (ca. 80%), exhibits large BET surface area (140 m2g-1), high histamine 
binding capacity of about 12 mg (pH 1) and 15 mg (pH 7) per gram of zeolite [1] and anti-inflammatory properties 
[2]. The medical application is focused to the gastrointestinal tract. Thus, in gastritis, the positive experience of 
potentiated clinoptilolite zeolite application [3] could be confirmed by several German general practitioners, who 
prescribe the natural Cuban zeolite. Furthermore, the high binding capacity of this zeolite against ammonia (about 
10 mg/g) relieves the liver as the most important metabolic organ. In patients with renal failure this zeolite seems 
to be a helpful tool which improves living quality. In addition, patients who tookzeolite startedhemodialysis sig-
nificantly later than the patients who did not take zeolite.

Serotonin is well known as the ‘hormone for fortune’ in the brain, but excessive peripheral blood levels (produced 
by neuroendocrine tumors, usually known as “carcinoids”) cause severe diarrhea. As zeolite is an anti-diarrheic 
drug [4], it has been applied to patients suffering from severe diarrhea. While histamine is nearly irreversibly 
bound to zeolite, serotonin shows initially a much higher binding affinity to zeolite which declines gradually over 
time. The use of zeolite in patients suffering from carcinoid syndrome can reduce significantly the number of bow-
el movements, but not in all patients.

An anhydrous zeolite paste for topical application (Detoxsan® Paste) has been prepared [5]. The formulation is 
based on petrolatum and contains additionally squalane as natural lipid component. The paste is used in mycosis, 
intertrigo, psoriasis and inflamed skin areas. In mycosis and intertrigo the improvement of skin area was visible 
after 2 to 5 days, in psoriasis between 1 and 3 weeks. The effect of this paste was not only investigated among the 
temperate climate of Germany but also under the tropical climate of Cuba;in both regions with good results. Thus, 
Detoxsan® Paste reduces inflammation promotors (histamine), prevents microbial growth (water adsorption) and 
promotes healing of the affected skin areas.

[1] Selvam T., Schwieger W., Dathe W. (2014). Natural Cuban zeolites for medical use and their histamine binding capacity.Clay Minerals 
49, 501-512. 
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and Experimental Gastroenterology 7, 215-220.

[4] Rodríguez-Fuentes G., Barrios M.A., Iraizoz A., Perdomo I., Cedré B. (1997). Enterex: Anti-diarrheic drug based on purified natural 
clinoptilolite. Zeolites 19, 441-448.

[5] Dathe W. (2016). Kosmetikum auf Naturzeolith-Basis für strapazierte Hautpartien. OM & Ernährung, Sonderheft Dermatologie, 24-27.



Scientific Research Abstracts
Vol. 7, p. 183, 2017
ISSN 2464-9147 (Online)
XVI International Clay Conference | ICC 2017 | Granada, Spain
© Author(s) 2017. CC Attribution 3.0 License

LIQUID-CRYSTALLINE COLLOIDAL DISPERSIONS OF CLAY MINERALS
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The purpose of this contribution is to introduce the most important concepts of liquid-crystals and to explain them 
with examples selected from the wide field of clay minerals. Although the notion of liquid-crystal is usually asso-
ciated with organic matter, there are quite a few cases of minerals that can be used to elaborate liquid crystals and 
more cases are found every year [1,2].

Liquid-crystalline materials are substances that spontaneously organize in phases intermediate between crystals 
and usual liquids [3]. These liquid-crystalline phases (or “mesophases”) are, by definition, both fluid like simple 
liquids and anisotropic like crystals. Liquid crystal building blocks are generally anisometric, i.e. they have a rod-
like or disc-like shape. Molecular liquid-crystals, used for example in display technology, display mesophases de-
pending on temperature and are therefore called “thermotropic”. In contrast, colloidal liquid-crystals are obtained 
by dispersing anisometric nanoparticles in a solvent and are called lyotropic; then, the relevant control parameter 
is the nanoparticle concentration. Here, we will only be interested in this latter class of liquid crystals.

According to their symmetry, i.e. the kind of long-range order they display, liquid-crystalline phases can be clas-
sified into four main types: the nematic, lamellar, columnar, and cubic phases which have different physical prop-
erties. For all these mesophases (except the cubic ones), in a single domain, the building blocks are oriented in the 
same direction, which gives rise to optical birefringence. However, these phases differ by the dimensionality of 
their long-range positional order, which leads to very different x-ray scattering signatures.

As good examples of “soft matter”, liquid-crystalline phases usually show a large response to a small external me-
chanical or electromagnetic perturbation. For instance, mesophases readily respond to an electric field by aligning 
their anisotropic building blocks parallel (or perpendicular) to the field direction. This effect is at the basis of their 
electro-optic applications. Moreover, the presence of surfaces also has an aligning effect that can propagate in the 
bulk as far as several millimetres.

The most useful techniques to investigate liquid crystals are polarized-light microscopy and x-ray scattering. For 
the latter, in the case of colloidal liquid crystals made of mineral nanoparticles, the low concentration and the large 
particle size require using small-angle scattering instruments. The combination of these two techniques usually 
allows for the identification and the detailed characterization of liquid-crystalline order. 

Colloidal dispersions of beidellite clay nanosheets and imogolite clay nanotubes will be used to illustrate all the 
ideas developed above as they are systems very well suited for this purpose [4,5]. We expect that many more min-
eral liquid crystals are still to be discovered.

[1] Gabriel J.C.P., Davidson P. (2000). New trends in colloidal liquid crystals based on mineral moieties. Advanced Materials, 12, 9-20.
[2] Davidson P., Gabriel J.C.P. (2005). Mineral liquid crystals. Current Opinion in Colloid and Interface Science, 9, 377-383.
[3] De Gennes P.-G., Prost, J. (1993). The Physics of Liquid Crystals, Clarendon press, Oxford, UK.
[4] Paineau E. et al., (2013). Liquid-crystalline properties of aqueous suspensions of natural clay nanosheets. Liquid Crystals Reviews, 1, 

110-126.
[5] Paineau E. et al., (2016). A liquid-crystalline hexagonal columnar phase in highly-dilute suspensions of imogolite nanotubes. Nature 

Communications, 7, 10271. 
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Colloidal suspensions of anisotropic, rod-like or disc-like, nanoparticles can spontaneously self-organize into liq-
uid-crystalline phases according to their concentration. Although there are many more examples of such ordering 
displayed by organic compounds like polymers or detergents, the wide field of mineral nanoparticles provides 
quite a few cases of such phenomena [1].

Liquid-crystalline phases can be classified in four main types: the nematic, lamellar, columnar, and cubic phases. 
So far, it was shown that all of them can occur at very low volume fractions (i.e. ~1%), except the columnar phase. 
Very recently, we discovered a highly-dilute liquid-crystalline columnar phase in aqueous suspensions of imogo-
lite clay nanotubes [2].

Imogolite nanotubes naturally occur in volcanic soils and can also be easily synthesized by sol/gel processes. In 
contrast with carbon nanotubes, they are highly hydrophilic and are readily dispersed in aqueous solvents. These 
suspensions were previously known to form a liquid-crystalline nematic phase [3] but we surprisingly observed by 
polarized-light microscopy an additional phase at very low volume fraction (~0.3%). Small-angle x-ray scattering 
experiments proved the columnar nature of this new phase where imogolite nanotubes organize on a 2-dimensional 
hexagonal lattice. The columnar phase has very strong positional order even though its lattice spacing is 15 times 
larger than the nanotube diameter. Moreover, this dilute columnar phase is so fluid that it is easily aligned in an a.c. 
electric field as the nanotubes orient parallel to the field. This feature could be exploited to prepare macroscopically 
oriented imogolite-based nanocomposite materials. 

The dilute columnar phase is stabilized by electrostatic repulsions between the charged imogolite nanotubes in 
water at low ionic strength, which raises the question of its possible occurrence in other systems of charged rods, 
either mineral or organic such as carbon nanotubes or stiff biopolymers.

[1] Davidson P., Gabriel J.C.P. (2005). Mineral liquid crystals. Current Opinion in Colloid and Interface Science, 9, 377-383.
[2] Paineau E. et al., (2016). A liquid-crystalline hexagonal columnar phase in highly-dilute suspensions of imogolite nanotubes. Nature 

Communications, 7, 10271. 
[3] Kajiwara K., Donkai N., Hiragi Y., Inagaki H. (1986). Lyotropic mesophase of imogolite.1. Effect of polydispersity on phase-diagram. 

Makromol. Chem. 187, 2883-2893. 
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In recent years, organic compounds such as dyes from many industrial sectors have contributed to the contamina-
tion of several ecosystems, including water, damaging metabolisms of photosynthetic species [1]. In this sense, 
heterostructured materials based on clays or other silicates containing ZnO [2] or TiO2 [3,4] nanoparticles appear 
as an attractive proposal to prepare adsorbents and catalysts that can be used in photodegradation of environments 
contaminated by such substances. Among these clay mineral-based porous solids, layered silicates such as maga-
diite, assembled to metal-oxide nanoparticles has been recently developed showing interesting surface properties, 
especially regarding their applications in the catalysis field [5,6]. Magadiite silicate shows a typical layered struc-
ture where the lamella surface presents an excess of negative charge counterbalanced by hydrated sodium ions lo-
cated in the interlayer space. This silicate exhibits a broad range of properties, including adsorption of metal ions or 
organic molecules, cation exchange of interlayer sodium cations, intercalation reaction and organization of guest 
species [5]. On the other hand, layered double hydroxides (LDH), also considered as anionic clays, is a versatile 
compound which can be assembled with diverse type of nanoparticles such as clays, carbon nanotubes, magnetite 
or mesoporous silica for environmental or photocatalytic application [7]. In this work, a new type of heterostruc-
tured material based on the assembly of LDH to magadiite silicate was studied. For this purpose, MgAl and ZnAl 
LDH with different divalent/trivalent metal ratio were assembled to magadiite through the in situ co-precipitation 
method, where LDH lamellae are formed in presence of previously prepared magadiite. Diverse physicochemical 
techniques were employed to characterize the synthetized materials with the aim to ascertain the existence of 
interaction at the interface of the two components. Results obtained from XRD show typical reflections of LDH 
in magadiite, confirming the formation of layered hydroxide in the silicate surface. Interactions between both na-
nocrystalline moieties were evidenced by spectroscopy studies, where coupling between hydroxyl groups of each 
component take place. Magadiite-supported metal-oxide nanoparticles was prepared employing thermal decompo-
sition of the LDH component in LDH/magadiite heterostructures, in view to obtain materials with highly disperse 
metal oxide catalysts supported on magadiite silicate. These materials were evaluated as photocatalysts using 
methylene blue as model dye molecule. Photocatalytic tests performed with the LDH/magadiite and their calcined 
products show an enhanced photocatalytic activity for degradation of methylene blue, where the concentration 
of dye is quickly decreased in a short time of exposure (ex. 10 min, 50% increase in dye degradation compared 
to photolysis). These results are likely due to synergistic effect resulting of the interesting textural features of the 
obtained heterostructures, making them promising photocatalysts in the degradation of organic compounds.

Acknowledgements: FAPEMA (40/2015 UNIVERSAL - 01118/16) project, ERC under the EU FP7 (ERC-Co615954) contract and CAPES 
scholarship program.
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Bentonites are planned to be an important part of engineered barriers in deep geological repositories for spent nu-
clear fuel. Therefore, during the last years the research activity to improve the characterisation of their behaviour 
has been very intense, and in particular, of their hydro-mechanical behaviour. Furthermore, much evidence of 
the influence of surrounding water salinity in the deformability of bentonites has shown that chemical processes 
must be considered. Therefore, nowadays the analysis of the behaviour of bentonites must be carried out from a 
hydro-chemo-mechanical perspective [1].

Recently, Navarro et al. [2] have developed a numerical model that accounts for solute concentration effects on 
the behaviour of bentonites. In that model, a double porosity approach was adopted, using the Barcelona Expan-
sive Model [3] as a framework. To characterise the free swelling strains due to the destructuration of particles and 
aggregates, a state surface like the one used in Navarro et al. [4] was considered, adding the effects caused by the 
salinity conditions. The geochemical behaviour of bentonite was idealised assuming a simplified geochemical 
model that took into account sodium, calcium and chloride ions. The effect of salinity was considered on both the 
macrostructural and the microstructural waters, given the equilibrium between them is controlled by their chemical 
potentials. For this purpose, the osmotic terms were used [5], which depend on the ion concentration in macro-
structural water and on the non-charge-compensating ion concentration in the microstructural water. The Donnan 
equilibrium relates the ion concentrations of both structural levels. An isothermal formulation was considered, 
assuming a constant gas pressure equal to atmospheric pressure. A flow model similar to that used in Navarro et al. 
[4] was considered, taking into account also the vapour flow (assumed to be diffusive only). The solute transport 
was also included to characterise the evolution of the system salinity. The proposed formulation was applied to 
reproduce the free swelling behaviour of a MX-80 bentonite under different water salinity conditions.

In the current study, the model proposed by Navarro et al. [2] is improved by adding the osmotic coefficients ac-
cording to the procedure proposed by Muurinen et al. [6] to the osmotic terms. 

A vertical free swelling test was simulated to illustrate the applicability of the model, using a water solution of 
35 g/L that contains sodium and calcium chloride. The formulation was implemented in the multiphysics partial 
differential equation finite solver COMSOL Multiphysics. 

The results demonstrate that the hydro-chemo-mechanical formulation significantly improves the predictions over 
models that do not account for salinity effects. Although it could be developed further, the proposed model allows 
for a consistent inclusion of the effect of water salinity on the behaviour of MX-80 bentonite.

[1] Guimarães, L.D.N., Gens, A., Sánchez, M., Olivella, S. (2013). A chemo-mechanical constitutive model accounting for cation exchange 
in expansive clays. Géotechnique 63 (3), 221-234.
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accounting for salinity effects. Manuscript submitted for publication.
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1013-1032.
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In contrast to ternary operation water treatment techniques such as UV irradiation, ozonation, advanced oxidation, 
adsorption represents a simple and easy process avoiding degraded or unwanted molecules showing a toxicity 
that may be worse than those of actual micropollutants. Among the materials matching the criteria for adsorption: 
a large specific surface area and a possibility of recycling; clay minerals and other layered materials analogous 
(layered double hydroxides, organoclays…) display particular interests for adsorption. Indeed, moreover to de-
velop numerous accessible adsorption sites, these layered materials show ion exchange capacities and outstanding 
hydration properties with an exfoliation of the nanosheets that can self-assembled in liquid crystalline phases [1]. 
Surfactants used as chemical modifier and/or in association with clay mineral in solution generate a hydrophobic 
environment improving and enlarging the spectrum of adsorbed organic compounds [2-3]. 

In this present contribution, novel organoclays were synthesized using nonionic surfactants [4-5], and their ef-
ficiency for the adsorption of non-conventional micropollutants such as pharmaceuticals were compared to un-
treated clay minerals and cationic organoclays (i.e. organoclay prepared with cationic surfactants) for different 
experimental conditions with a control of pH, temperature, ionic strength… in order to mimic the natural context. 
The adsorption data correlated to the results obtained with complementary techniques (X-ray diffraction, small 
angle X-ray scattering, infrared spectroscopy, solid state nuclear magnetic resonance) reveals the importance of the 
hydrophobicity, charge density and the competition of the micropollutants. Finally, due to its dual hydrophilic/hy-
drophobic, non-ionic organoclays, unlike cationic ones and untreated clay minerals, represent the most polyvalent 
material for the adsorption of a wide range of micropollutants showing different chemical nature [6].

[1] Guégan R., Sueyoshi K., Anraku S., Yamamoto S., Miyamoto N. (2016). Sandwich organization of non-ionic surfactant liquid crystalline 
phases as induced by large inorganic K4Nb6O17 nanosheets. Chem. Comm  52(8), 1594-1597.

[2] De Oliveira T., Guégan R. (2016). Coupled Organoclay/Micelle Action for the Adsorption of Diclofenac. Environmental Science & 
Technology, 50, 10209-10215.

[3] De Oliveira T., Guégan R., Thiebault T., Le Milbeau C. Muller F., Teixeira V., Giovanela M., Boussafir M. (2017). Adsorption of di-
clofenac onto organoclays: Effects of surfactant and environmental (pH and temperature) conditions. Journal of Hazardous Materials 
323, Part A, 558-566.

[4] Guégan R. (2010). Intercalation of a Nonionic Surfactant (C10E3) Bilayer into a Na-Montmorillonite Clay. Langmuir 26 (24), 19175-
19180.

[5] Guégan R. (2013). Self-assembly of a non-ionic surfactant onto a clay mineral for the preparation of hybrid layered materials. Soft Matter. 
9 10913-10920.

[6] Guégan R., Giovanela M., Motelica-Heino M. (2015). Nonionic organoclay: A ‘Swiss Army knife’ for the adsorption of organic mi-
cro-pollutants? J. Colloid Interface Sci.437 (1) 71-79.
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LATE CRETACEOUS COOLING ENHANCED BY CONTINENTAL 
WEATHERING EXPRESSED BY CLAY MINERALS INCAMPANIAN 
SEDIMENTS
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(1) Biogéosciences, UMR 6282, UBFC/CNRS, Univ. Bourgogne Franche-Comté, 6 boulevard Gabriel, F-21000 Dijon, 
France, (2) IGN, University of Copenhagen, ØsterVoldgade10, DK-1350 Copenhagen, Denmark, (3) Department of 
Geography and Geology, Kingston University London, Penrhyn Road, Kingston upon Thames, Surrey KT1 2EE, United 
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The latest Cretaceous was marked by major changes in the ocean-climate system, with oxygen isotopes indicating 
a long-term cooling that seems to have accelerated during the Early Campanian [3], while εNd data from ocean 
sediments demonstrate a contemporaneous reorganization of the overall thermohaline circulation [5]. A recent 
study performed on Campanian sediments of the Tercis-les-Bains section (Aquitaine Basin) and of the Poigny-
borehole (Paris Basin) has shown evidence of detrital input of illite, kaolinite and chlorite that coincides with a 
global carbon-isotope negative excursion, the so-called “Late Campanian Event” [1]. Although conducted in a 
limited region of the western Tethys, this study hints toward possible modifications of continental weathering 
that may have affected climate through enhanced atmospheric CO2 consumption. In order to better constrain the 
spatial extent of this event characterised by enhanced detrital inputs, we have analysed clay mineralogical assem-
blages of sediments from several additional sections and boreholes of Campanian sediments from the Tethyan and 
Boreal realms, along a palaeolatitudinal transect from 20° to 45°N (Danish Basin, North Sea, Paris Basin, Mons 
Basin, Aquitaine Basin, Umbria-Marche Basin, Saharan Platform). Our results show that the clay fraction of the 
Campanian sediments from all sections is largely dominated by smectites, which represent the background of Late 
Cretaceous clay sedimentation [2]. However, in several sections, intervals of significantly enhanced detrital input 
are evidenced by increased proportions of illite, kaolinite, chlorite, palygorskite and talc atvarious levels in the 
Upper Campanian.

These detrital inputs result from the erosion of nearby continental areas and thus reflect an intensification of 
continental weathering during the Late Campanian. This may be explained by a tectonic rejuvenation of exposed 
continental areas, triggered by closure of the Tethyan Ocean and the anti-clockwise rotation of Africa [4]. As this 
event seems to be recorded at a broad geographic scale in the Tethyan Realm, the associated increase in chemical 
weathering may have induced a decrease in pCO2 levels, thereby contributing to the Late Cretaceous global cool-
ing trend.

[1] Chenot E., Pellenard P., Martinez M., Deconinck J.-F., Amiotte-Suchet P., Thibault N., Bruneau L., Cocquerez T., Laffont R., Pucéat 
E. (2016). Clay mineralogical and geochemical expressions of the “Late Campanian Event” in the Aquitaine and Paris basins (France): 
Palaeoenvironmental implications. Palaeogeography, Palaeoclimatology, Palaeoecology 447, 42-52.

[2] Deconinck J.-F., Chamley H.(1995). Diversity of smectite origins in the Late Cretaceous sediments: example of chalks from northern 
France. Clay Minerals 30 (4), 365-380.

[3] Friedrich O., Norris R.D., Erbacher J. (2012). Evolution of middle to Late Cretaceous oceans—A 55 my record of Earth’s temperature 
and carbon cycle. Geology 40 (2), 107-110.

[4] Jolivet L., Faccenna C., Agard P., Frizon de Lamotte D., Menant A., Sternai P., Guillocheau F. (2015). Neo-Tethys geodynamics and 
mantle convection: from extension to compression in Africa and a conceptual model for obduction. Canadian Journal of Earth Sciences 
53 (11), 1190-1204. 

[5] Moiroud M., Pucéat E., Donnadieu Y., Bayon G., Guiraud M., Voigt S., Deconinck J.-F., Monna F. (2016). Evolution of neodymium 
isotopic signature of seawater during the Late Cretaceous: implications for intermediate and deep circulation. Gondwana Research 36, 
503-522.
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FROM CLAY MINERALS TO THE GEOLOGICAL TIME SCALE: 
ASTROCLIMATIC CONTROL OF CLAY SEDIMENTATION IN 
CRETACEOUS SEDIMENTS - EXAMPLE OF THE LONG EXCENTRICITY 
CYCLE (405 KY)
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(1) Biogéosciences, UMR 6282, UBFC/CNRS, Univ. Bourgogne Franche-Comté, 6 boulevard Gabriel, 21000 Dijon, France, 
(2) MARUM: Center for Marine Environmental Sciences, Universität Bremen, Leobenstrasse 8, 28359 Bremen, Germany

The influence of climatic fluctuations induced by variations in the orbital parameters of the Earth on clay sedi-
mentation is known since the 1980s. Many studies throughout the Tethyan and northern Europe areas have in-
deed documented the simultaneous rhythmicity between the clay mineral assemblages and the precession-induced 
marl-limestone alternations. Conversely, the imprint of longer orbital cycles on clay sedimentation has not been 
investigated yet. We introduce here three examples of the record of the long Milankovitch cycles on clay mineral 
assemblages in Cretaceous hemipelagic series: 1) in alternating marl-limestone deposits of the Hauterivian/Bar-
remian transition in southeastern Spain (Río Argos section, Subbetic Domain, Moiroudet al., 2012); 2) in a much 
more homogeneous marly series of the Aptian (Marnes Bleues of the Vocontian Basin, southeastern France, Ghi-
rardiet al., 2014) and 3) in a mixed Cenomanian succession, composed of marl-limestone alternations intercalated 
within homogeneous marly sediments (Blieux section, Vocontian Basin, Giraud et al.,2013).

On all three sections, samples taken each 20 cm have a clay fraction determined by X-ray diffraction consisting 
of chlorite, illite, interstratified illite/smectite(I/S R0) and kaolinite. The ratios of the areas of the diffraction peaks 
of each mineral species were calculated and the data processed by spectral analyses. These clearly show that the 
precession, obliquity and eccentricity are preserved in clay mineralogical data. In all analyzed cases, the imprint of 
the 405-ky eccentricity cycle is observed with high amplitudes. The period of this cycle is known with an accura-
cy of ±0.32%, so that it is applied as a geochronometer in the Mesozoic. The high-amplitude record of this cycle 
demonstrates the ability of the clay minerals tocalibrate the geologic time scale. Other tools like spectral gamma 
ray, CaCO3 content and magnetic susceptibility provide comparable results, however, because clay minerals bear 
a clear climatic message, orbital signal from clay mineralogy is particularly significant.

[1] GHIRARDI J., DECONINCK JF., PELLENARD P., MARTINEZ M., BRUNEAU L., AMIOTTE-SUCHET P. & PUCEAT E. (2014). 
Multi-proxy orbital chronology in the aftermath of the Aptian Oceanic Anoxic Event 1a: Palaeoceanographic implications (Serre Chaitieu 
section, Vocontian Basin, SE France). Newsletters on Stratigraphy, 47/3, 247-262.

[2] GIRAUD F., REBOULET S., DECONINCK J.F., MARTINEZ M., CARPENTIER A & BREZIAT C. (2013). The Mid-Cenomanian 
Event in southeastern France: Evidence from palaeontological and clay mineralogical data. Cretaceous research, 46, 43-58.

[3] Moiroud M., Martinez M., Deconinck JF, Monna F., Pellenard P., Riquier L. & Company M. (2012). High resolution clay mineralogy 
as a proxy for orbital tuning: Example of the Hauterivian-Barremian transition in the Betic Cordillera (SE Spain). Sedimentary geology, 
282, 336 - 346.
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Playalakes in Central Spain representmodern hypersaline ephemeral environments where the crystallization of 
authigenicmineral assemblages in relation with microbial mats led to the formation of gypsum microbialites. Long 
termhydrochemical analyses reveal a Mg2+-(Na+)-(Ca2+)-SO4

2--(Cl-) brine composition (Cabestrero and Sanz-Mon-
tero, 2016). Salinity concentration ranges from 2 to up to 400 g·L-1in the driest season with pH values ranging from 
8 to 10(Cabestrero, et al.2014). Those factors, in addition with microbial activity, enables the formation of a suite 
of authigenic minerals dominated by sulphates (with gypsum representing up to 80%) and to a lesser extent by 
carbonates and chlorides. Detrital minerals consist mainly of clays, quartz, feldspars and carbonate grains. A first 
study of the clay mineralogy of the playalakes was carried outby Cabestrero et al., (2014). The characterization of 
the phyllosilicatesby XRDrevealedthe occurrence of authigenic clay mineralsin relation with the organic matrix 
(Extracellular Polymeric Substance) of microbial mats. The present work goesa bit further in the characterization 
of clay minerals and their textural relations in order to understand accurately the genesis of authigenic clay mineral 
assemblages.

Semi-quantitative analysis by XRD shows that the bulk sample is made of up to 50% of phyllosilicates. Theauthi-
genic clay fraction from the total amount of phyllosilicates consist of sepiolite-palygorskite(up to 20%) associated 
with poorly crystalinesmectite (up to 23%). Systematic Chemical analyses of sepiolite-palygorskite and smectites 
crystals from a representative sample by AEM (TEM JEM 3000 F)indicate a continuous range of compositions 
for sepiolite-palygorskite assemblages. According to the classification proposed by Suarez and García-Rome-
ro (2013) samples ranged from ideal palygorskite [Si12O30Mg8(OH)4(OH2)2]0 [Si8O20(Mg2Fe2)0.1(Mg2Al2)0.9(OH)2(
OH2)2]1.nH2O to Mg-palygorskite[Si12O30Mg8(OH)4(OH2)2]0.4 [Si8O20(Mg2Fe2)0.05(Mg2Al2)0.95(OH)2(OH2)2]0.6.nH2O. 
Detailedobservations by SEM (FEI INSPECT) show the close relation between the lenticular gypsum crystals and 
palygorskite fibres that coatthe surface of the gypsum.

In the case of smectites, thetrahedralsusbtitution of Si for Al (Si3.84, Al0.16) to (Si3.22, Al0.78) wasobtainedin all anal-
yses (14). This implies the incorporation of the rest of Al in the octahedral sheet with other cations like Fe, Mn, 
Ti and Mg (the most abundant octahedral cation). K is the most abundant interlayer cation, followed by Mg and 
Ca. These compositionssuggest that the studied smectites belong to the Di-to-Trioctahedralsolid solutionbetween 
beidellite (dioctahedral) and saponite (trioctahedral) end-members with structural formulas closer to the Mg-rich 
component. In addition, EDX analysis of EPS from microbial mats within which gypsum crystals nucleated and 
grow, consistently shows a similar chemical composition to smectites, particularly enriched in Si.

The present results onthe great compositional variability of palygorskites, grown on the surface of authigenic 
lenticular gypsum crystals, as wellas the existence of solid solution at low temperatures in poorly crystalline and-
metaestableMg-rich smectitic phases, support that the formation of the authigenic clays took place belowground 
by processes of biomass transformation. Thus, the compositional variability of these phases could be considered 
as a biomarker in mineral precipitation.
Aknowledgment: We thank Spanish Ministry of Economy and Competitivityfor financial support (CGL2015-66455-R). The first author thanks 
Complutense University of Madrid for his Ph.D. grant.

[1] Cabestrero O., Arroyo X., García del Cura M.A., Sanz-Montero M.E. (2014). Formación de arcillas en lagunas sulfatadas efímeras (Lillo, 
Toledo). Macla19, 1-2.

[2] Cabestrero O and Sanz-Montero M.E. (2016). Brine evolution in two inland evaporative environments: influence of microbial mats in 
mineral precipitation. J. Paleolimnology, 1-19.

[3] Suarez M and Garcia-Romero E. (2013). Sepiolite-Palygorskite: a continuous polysomatic series. Clays and Clay Minerals, 461-472.
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Kaolinite is widely used in the paper, paint and polymer industries as extender or reinforcing material due to its 
laminar structure. This mineral shows a stack type microstructure, generated by a preferential interaction between 
basal planes of kaolinite particles. This compact microstructure could be destroyed by shearing forces to increase 
the kaolinite specific surface area, and therefore, the interactions with other components present in the system of 
interest. A procedure was developed to disaggregate the kaolinite stack structure (thickness ca. 20 µm) to generate 
laminar structures (thickness < 500 nm), by applying high shear to a kaolin aqueous suspension. Afterwards, pro-
tein was added to stabilize and functionalize the surface of kaolinite particles. The obtained suspension was spray 
dried to produce a dried powder of kaolin, which has an apparent density of 0.2 g/mL, this value is one third of the 
apparent density of a kaolin dried powder (ca. 0.66 g/mL). This significant decrease in the apparent density is due 
to the formation of spheroidal structures obtained after the functionalization and drying processes. It is possible to 
change the spheroidal structure by varying the protein concentration; at low protein concentration a compact and 
smooth surface is obtained due to interactions between basal planes of kaolinite particles, whilst at high protein 
concentration a porous surface is generated due to basal plane-edge interactions of kaolinite particles. These po-
rous structures were used in the adsorption of hydrophilic and hydrophobic compounds with potential application 
in pharma, food and agrochemicals as a carrier material.

[1] Yu W.H., Li N., Tong D.S., Zhou C.H., Lin C.X., Xu C.Y. (2013). Adsorption of proteins and nucleic acids on clay minerals and their 
interactions: A review, Appl. Clay Sci. 80-81, 443-452.

[2] Nandiyanto A.B.D., Okuyama K. (2011). Progress in developing spray-drying methods for the production of controlled morphology 
particles: From the nanometer to submicrometer size ranges. Adv. Powder Technol. 22, 1-19.

[3] Fenoglio I., Fubini B., Ghibaudi E.M., Turci F. (2011). Multiple aspects of the interaction of biomacromolecules with inorganic surfaces. 
Adv. Drug Deliv. Rev. 63, 1186-209.

[4] Yin X., Gupta V., Du H., Wang X., Miller J.D. (2012). Surface charge and wetting characteristics of layered silicate minerals. Adv. Colloid 
Interface Sci. 179-182, 43-50.
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Manganese oxides are important minerals in soil and sediments due to their strong oxidation power and their high 
capability of fixing micronutrients and heavy metals in their structures. Yet, the structures and the properties of 
manganese oxides in soils and sediments are poorly understood, mainly due to the low abundance of Mn in soils 
and sediments. The objectives of this study were to characterize the Mn oxides formed in bentonite deposits, and 
to investigate the incorporation of heavy metals during the formation of the Mn oxides. 

The Mn oxide specimens were collected in two commercial bentonite deposits developed from the Upper Eocene 
volcanic ash in Gonzales county, Texas. The bentonites themselves are low in Mn and heavy metals, but Fe and Mn 
oxide coatings are common in the cracks of the bentonites. They stain the white bentonite to the red or black color. 
In certain places, Mn oxide coatings with a few tenths of millimeter thickness and several millimeters of width can 
be found along the cracks. During the site visits, three Mn-oxide enriched pockets were observed at the bottom 
boundary of the bentonite deposit and its bed sandstone. These pockets of materials contained Mn oxides as high 
as 290 g/kg. The Mn oxide coatings were hand-picked. The Mn-oxide rich pockets were sampled in large quantity. 
The chemical compositions of the specimens were analyzed with X-ray fluorescence, and the mineral composition 
were analyzed with X-ray diffraction, scanning electron microscope, and transmission electron microscope.

The Mn oxides are enriched in several heavy metals: e.g., ~18,000 ppm BaO, ~7,000 ppm Zn, 1,700 ppm Y, 800 
ppm Co, 600 ppm, Ni, 600 ppm Sr, and 300 ppm Sn. Where these values in the hosting bentonite are much lower 
or close to zero. The elemental composition difference and occurrence location of the Mn oxides suggested they 
formed after the diagenesis of the bentonite. The X-ray diffraction and electron microscope analyses revealed 
the mineral compositions of the coatings were different from the Mn oxide pocket deposits, and the three deposit 
pockets had different Mn mineral composition too. Mn mineral identified include birnessite, rancieite, hollandite, 
todorokite, and possibly lithiophorite. These minerals showed different incorporation of the heavy metals. Energy 
dispersive spectroscopy analysis indicated that Ba and the rare earth elements were mainly associated with the 
tectomanganate minerals. Washing the specimens with Mg and K solutions indicated that the heavy metals and Ca 
in the Mn oxides were not responsive to the cation exchange reactions. Suggesting the stability of the cations in 
the structures of the Mn oxides.

The observations indicated the bentonite deposits recorded the various transformation stages of the Mn oxides and 
the associated heavy incorporation and fixation in their structures. The complexity of mineral composition within 
such a small spatial distance suggested the sensitivity of Mn oxides to their forming chemical environment. Under 
the dry conditions, the heavy metals are incorporated in the tectomangante minerals. As those heavy metals are 
relatively scarce in the bentonite deposits themselves, the origins of the heavy metals were attributed to ground 
water, which in turn, might be influenced by sediments from a much large spatial and temporal ranges. 



Scientific Research Abstracts
Vol. 7, p. 193, 2017
ISSN 2464-9147 (Online)
XVI International Clay Conference | ICC 2017 | Granada, Spain
© Author(s) 2017. CC Attribution 3.0 License

IONIC LIQUIDS - CLAY MINERALS NANOARCHITECTURES AND 
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Ionic liquids (ILs) are commonly defined as organic salts with melting points under or around 100 oC. They have 
been employed as substitutes for traditional organic solvents in chemical reactions. The most common ones are 
based on four types of organic cations: alkylammonium, dialkylimidazolium, phosphonium and N-alkylpyridin-
ium. Because they are non-volatile, non-flammable, have a high thermal stability and are relatively inexpensive, 
ionic liquids are attractive as solvents, being often qualified as ‘‘green solvents’’ [1].

The functionalization of the interlayer spaces of clay minerals leads to a large variety of applications [2]. The 
melt process was largely used as a powerful method leading to intercalation, delamination and exfoliation of 
phyllosilicates with polymers, including the intercalation of polymers in kaolinite [2]. This paper will focus on one 
particular clay mineral: kaolinite. It will show how ILs, because of their unique characteristics, can be employed 
as building blocks for the creation of functional kaolinite nanohybrid materials having potential applications as 
sensors, nanocarriers and catalysts supports.

Given their liquid nature, ILs are good candidates to be used as solvent in the melt process, in which a pre-interca-
late (urea, dimethyl sulfoxide…) would be replaced by salts of large organic cations. Examples of intercalation of 
salts, or intersalation, in kaolinite were scarce, being limited to potassium acetate and analogs. The intersalation of 
ILs would lead to highly functional kaolinite interlayer spaces.

In 2005, our group showed that ILs with quite large cationic organic units, pyridinium derivatives, could be melt 
intercalated in the interlayer spaces of kaolinite [3]. This was followed, i.a., by the preparation of a series of highly 
nanostructured hybrid materials resulting from the intercalation in kaolinite of imidazolium ILs, showing ionic 
conductivity highly dependent on the structure of the intercalated imidazolium cation [4]. The next step was to 
graft the IL cation on the internal surfaces of kaolinite, so that it became resistant to deintercalation in water, and 
could be used for applications as electrode modifier [5]. In particular, these nanohybrid materials were used as 
electrochemical sensors for size-selective detection of anions [6] and of several ionic and neutral species.[7,8] ILs 
- kaolinite materials were also used as precursors of exfoliated nanocomposites.[9] ILs-kaolinite and ILs-halloysite 
were recently used as efficient catalysts (palladium nanoparticles) supports [10,11].

Given the large spectrum of chemical structures of ILs and because of the possibility to use them in melt interca-
lation processes, the creation of materials nanoarchitectures designed for specific applications becomes possible.

[1] K. Ghandi (2014). Green and Sustainable Chemistry, Vol. 4 No. 1, p[p. 44-53.
[2] Handbook of Clay Science (2013). 2d Ed., F. Bergaya and G. Lagaly, Eds, Elsevier.
[3] S. Letaief, C. Detellier (2005). J. Mater. Chem., 15, 4734-4740.
[4] S. Letaief, T. Diaco, W. Pell, S.I. Gorelski, C. Detellier (2008). Chem. Mater., 20, 7136-7142.
[5] I. K. Tonle, S. Letaief, E. Ngameni, C. Detellier (2009). J. Mater. Chem., 19, 5996-6003.
[6] G. K. Dedzo, S. Letaief, C. Detellier (2012). J. Mater. Chem., 22, 20593-20601.
[7] G. K. Dedzo, C. Detellier (2016). Appl. Clay Sci., 130, 33-39.
[8] G.K. Dedzo, B.B. Nguelo, I.K. Tonlé, E. Ngameni, C. Detellier (2017), submitted.
[9] S. Letaief, J. Leclercq, Y. Liu, C. Detellier (2011). Langmuir, 27, 15248-15254.
[10] G. Ngie, G.K. Dedzo, C. Detellier (2016). Dalton Trans., 45, 9065-9072.
[11] G.K. Dedzo, G. Ngie, C. Detellier (2016). ACS Appl. Mater. Interfaces, 8, 4862-4869.
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The clean recovery of bitumen from oil sands would strongly benefit from fully non-aqueous processes taking into 
consideration the efficiency of desorption of the bitumen from fine particles (mainly kaolinite and illite) as well 
as the efficiency of sedimentation of these fines. Specific adjuvants to the non-aqueous solvent, including, but not 
limited to, cellulose derivatives, show a remarkable dual effect, helping both desorption and fines sedimentation.

In that context, an understanding of the morphologies of clay mineral assemblies in dispersion in aqueous or 
non-aqueous media is of importance. It is also of importance in the control of a vast spectrum of applications and 
processes. An attempt was made at describing the organization of kaolinite platelets in non-aqueous media in com-
parison to aqueous media, and also in the presence of a selection of solubilized organic polymers. SEM images 
give the result of the assembly process taking place during slow solvent evaporation, and consequently, because 
the experimental procedure was rigorously identical in all the cases of this study, they reflect how platelets can 
interact in various media, leading to different morphologies under different environments, by comparison. 

Theoretical studies of the interactions of organic polymers in non-aqueous as well as aqueous solvents were per-
formed by using the 3D-RISM-KH molecular theory of solvation. This theory readily yields the molecular solva-
tion structure and thermodynamics of these all-atom force field models of clays organic polymers in aqueous and 
non-aqueous solutions It shows the balance between aggregation and dispersion of the clay polymers at different 
temperature and pressure conditions. Analysis of the calculation results reveals the molecular forces driving phase 
behavior of clays in solution. 

Quite spectacular morphological differences were indeed observed between aqueous and non-aqueous samples, 
particularly when organic polymers were present in an organic solvent. In contrast with water, where only small 
aggregates were observed upon slow evaporation, large booklets or vermiform aggregates were induced by the 
slow evaporation of some organic solvents when kaolinite was first dispersed into them. The aggregates were 
particularly large when an organic polymer was present in the solution. For example, top apparent surface areas 
of more than 3,000 µm2 could be observed in the case of an ethyl cellulose solution in a binary mixture of cy-
clohexane and toluene. Other polymers, such as polystyrene or guar gum, a polysaccharide, gave similar results. 
The aggregation of the kaolinite platelets results from face-to-face interactions, as well as edge-to-face and edge-
to-edge interactions. 
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Clayey barriers are widely used for isolation of pollutants in landfill systems because of their low hydraulic con-
ductivity (k) to water resulting from their small pore size and thick diffuse double layer (DDL) between clay plate-
lets. However, prolonged exposure of the clays to polluted liquids leaching from landfills can drastically increase 
their k due to the compression of the DDL, which can cause enormous damage to the surrounding environment 
and human health. To overcome this problem, HYPER clay, a superior material with enhanced hydraulic perfor-
mance able to resist chemical attack, was developed at Ghent University [1] by adsorbing an anionic polymer, 
Sodium-Carboxy Methyl Cellulose (Na-CMC), onto the surface of clay minerals. . The materials selected for this 
research were kaolin, sodium natural bentonite (CEB1), calcium bentonite (CEB3), sodium activated bentonite 
(CEB4) and dredged sediments (DS) and they were treated with 2%, 8% and 16% of the anionic polymer (Na-
CMC), respectively, to create the HYPER clays. 

The quality of bentonite as hydraulic barrier increases with increasing montmorillonite content, surface area, sur-
face charge deficiency, and/or percentage of Na+ on the exchange complex [2]. The effect of these factors on the 
quality of bentonite generally is indicated macroscopically by an increase in swell capacity, liquid limit (LL), and 
cation exchange capacity (CEC), with a consequent decrease of the k [2]. For these reasons, to assess the potential 
benefits of the HYPER clay treatment, a series of analyses, e.g. swell index test, LL test, X-ray diffraction (XRD) 
and CEC determination, were conducted on the different materials treated with various polymer dosages. 

Due to the inverse relationship between swell index and k [3], the influence of polymer treatment was studied by a 
series of swell index tests using KCl and CaCl2 solutions with different concentrations. Based on the Gouy-Chap-
man equation, the DDL thickness decreases with increasing concentration and valence of the permeating solution. 
For this reason, the swell index obtained in this research decreased with increasing the concentration of the solu-
tions and the valence of the ions present (e.g. Ca2+ vs. K+). Test results also showed that swell index increased with 
increasing polymer dosage, suggesting that also the k of these materials will decrease after treatment.

The LL of clayey materials can also reflect the hydraulic conductivity: the higher the LL, the lower the hydraulic 
conductivity that could be expected [4]. Test results showed that the LL of the materials analyzed increased with 
increasing polymer dosage, with a consequent potential increase of the k performance. 

XRD patterns of the materials showed that the basal spacing increased with increasing polymer dosage. The XRD 
pattern of CEB1, for example, showed a shift of basal spacing (d= 1.332) compared to the untreated clay (d= 
1.274), demonstrating the polymer intercalation in the interlayer. These results suggest the permanence of the pol-
ymer in the interlayer region after addition, with a consequent beneficial increase of the DDL thickness. 

The HYPER clay polymer treatment also showed a positive impact on the CEC, that increased with increasing 
polymer dosage. An increase in CEC indicates, in fact, an increase of bentonite quality for hydraulic barriers [2]. 

[1] Di Emidio, G. (2010). Hydraulic and Chemico-Osmotic Performance of Polymer treated Clay. PhD, Ghent University, Belgium.
[2] Lee, J. M. and Shackelford, C. D. (2005). Impact of bentonite quality on hydraulic conductivity of geosynthetic clay liners, Journal of 

Geotechnical and Geoenvi- ronmental Engineering 131(1): 64-77. 
[3] Jo, H., Katsumi, T., Benson, C.H. and Edil, T.B. (2001). Hydraulic conductivity and swelling of nonprehydrated GCLs permeated with 

Single-Species salt solutions, Journal of Geotechnical and Geoenvironmental Engineering, ASCE 127(7): 557-567 
[4] Lee, J. M., Shackelford, C. D., Benson, C. H., Jo, H. Y. and Edil, T. B. (2005). Correlating index properties and hydraulic conductivity of 

geosynthetic clay liners, Journal of Geotechnical and Geoenvironmental Engineering 131(11): 1319- 1329. 
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LIGHTS ON THE SPECTRAL SHIFT OF PORPHYRIN/CLAY INTERFACE 
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The electronic spectra shift of tetracationic 5,10,15,20-tetrakis(1-methyl4-pyridyl)-21H,23H-porphyrin (TMPyP) 
upon adsorption on a clay surface is here investigated using ab-initio electronic structure calculations performed 
in the framework of the Density Functional Theory (DFT). Porphyrins are heterocyclic macrocycle organic com-
pounds with many applications such as photosensitizers for light harvesting and chemical reactions, molecular 
electronics and enzymatic catalysis. They can be found in biological systems like photosynthesis of light, enzymes, 
and transport proteins. The porphyrins optical spectra can be characterized by the presence of a dominant so called 
Soret band plus a Q-band structure, whose positions and shapes offer a method to characterize porphyrins in var-
ious environments. The influences of the environment and DFT exchange-correlation functional on the UV-vis 
spectra of the model systems, here considered, are investigated. With this aim, the TmPyP/Montmorillonite inter-
face is studied and these results are further discussed to tentative address the observed electronic spectral shift on 
TMPyP upon the TMPyP/Clay interaction. The results suggest that the mechanism is still controversial.
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In the Pollino Ridge (Calabria-Lucania border zone) the ophiolitic rocks of the Frido Unit are cross-cutted by 
metadolerite dikes showing different types of textures (intersertal, blastophitic and locally cataclastic to mylonitic, 
Sansone et al., 2011).

The metadolerites dikes have been affected by ocean-floor metamorphism under amphibolite to greenschists facies 
conditions (Sansone et al., 2012b). Further subduction, involving metamorphism under blueschist facies condi-
tions affected the rocks during the formation of the Pollino Ridge (Sansone et al., 2012b). 

This study focused on the different features of the chlorite minerals occurring in the metadolerite dikes. The relict 
igneous minerals are plagioclase and clinopyroxene. Metamorphic minerals are chlorite, green amphibole, quartz, 
white mica and the brown amphibole. Accessory phases are opaque minerals, Fe-hydroxides, zircon, and spinel. 
Metadolerites are commonly cutted by veins filled with metamorphic minerals including pumpellyite, chlorite, 
prehnite, albite, tremolite/actinolite, white mica, quartz, calcite, epidote, lawsonite, glaucophane, and chrysotile, 
which occur with various combinations within the same veins (Sansone et al., 2011; Sansone and Rizzo, 2012). 
The veins show a brittle and ductile deformation and are straight, a few millimetres thick, and are isolated or in 
closely spaced sets.

Chlorite is generally retained as forming during alteration of primary minerals. In the metadolerites, different va-
rieties of chlorite are observed: 

1) fan-felt-radiated aggregates, sometimes over-growing on clinopyroxene;

2) chlorite flakes or tabular show an undulose extinction, replacing amphibole, and occurring at the core of textural 
sites near blue amphibole rimming brown amphibole. Pale-green amphibole may form pseudomorphs after clino-
pyroxene together with chlorite and white mica;

3) felt-radiated aggregates or flakes filling veins; 

4) pseudomorph on the plagioclase crystals associated to pumpellyite, prehnite and epidote with fine-grained ag-
gregates.

Chlorite is classified according with Hey’s nomenclature (1954) as a clinochlore and pycnochlorite as revealed 
by EMPA characterisation. Chlorite compositions from blueschists facies, compared with the chlorites from the 
greenschist facies, where the Al/(A1 + Fe + Mg + Mn) ratio ranges between 0.35 and 0.40 (Brown 1967; Coop-
er 1972), are characterized by Al/(A1 + Fe + Mg + Mn) ratio (0.28-0.31). Finally the occurrence of the chlorite 
+ clinopyroxene in textural sites with the brown - green and blue-amphibole testify the crystallization under 
blueschist facies of the metadolerite dikes in the Pollino Ridge.

[1] Brown E.H. (1967). The greenschist facies in part of Eastern Otago, New Zealand. Contrib. Mineral. Petrol. 14, 259-292.
[2] Cooper A.F. (1972). Progressive metamorphism of metabasic rocks from the Haast Schist Group of Southern New Zealand. J. Petrol., 

13, 457-492.
[3] Hey, M.H. (1954). A new review of the chlorite: Mineralogical Magazine, v. 61, p. 626-637.
[4] Sansone, M.T.C., Rizzo, G., Mongelli, G. (2011). Petrochemical characterization of mafic rocks from the Ligurian ophiolites, southern 

Apennines. International Geology Review, Vol. 53, No. 1, 130156.
[5] Sansone, M.T.C., Tartarotti, P., Prosser. G., Rizzo, G. (2012b). From ocean to subduction: the polyphase metamorphic evolution of the 

Frido Unit metadolerite dykes (southern Apennine, Italy). In: (Eds.) Guido Gosso, Maria Iole Spalla, and Michele Zucali, Multiscale 
structural analysis devoted to the reconstruction of tectonic trajectories in active margins, Journal of the Virtual Explorer, Electronic 
Edition, ISSN 1441-8142, volume 41, paper 4 published online.

[6] Sansone, M.T.C. and Rizzo, G. (2012). Pumpellyite veins in the metadolerite of the Frido Unit (southern Apennines-Italy). Periodico di 
Mineralogia, 81, 75-92.7.
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On the Pollino massif (southern Apennines, Italy) crop out the Frido Unit belonging to the Liguride Complex. 
This unit consists of ophiolites with large lens-shaped bodies of serpentinites. In these rocks, tremolite, an asbes-
tos-like mineral, is typically intergrown with fibrous antigorite and chrysotile. Tremolite (ideal formula Ca2Mg-
5Si8O22(OH)2) which is the calcic end-member of the tremolite - ferro-actinolite series, shows acicular, fibrous and 
elongated habitus. These minerals generally occur as naturally exposed friable fibres and can be easily released 
into the environment as a result of both natural processes and anthropogenic activities. From a toxicological point 
of view, this fibrous tremolite species exhibited high carcinogenicity. Several analytical techniques have previous-
ly been used to identify the amphibole minerals on the basis of their different structural and chemical properties. In 
the analyzed rocks, tremolite is present mainly in veins as much as in the matrix and also forming crowns around 
clinopyroxene porphyroclasts. The X-ray diffraction analysis (XRPD) of powdered bulk rock allowed clearly the 
recognition of the amphibole-like minerals (actinolite, d = 8.31 Å; tremolite, d = 2.94 Å) that are the dominant 
phases. In the µ-Raman spectra, the number and relative intensity of the bands represent pure tremolite and almost 
pure tremolite (Fe-tremolite) with a small percentage of Fe2+. The presence of Fe2+ is confirmed by FT-IR spectros-
copy. The electron microprobe analysis (EMPA) revealed that the average composition obtained on single crystals 
is clearly distinguished from the typical compositions of the tremolite, in particular our samples show high content 
of Al2O3 (5.18 - 15.46 wt%), FeO (2.47 - 5.06 wt%), Cr2O3 (0.95 - 1.41 wt%). The scanning electron microscope 
equipped with electron-dispersive spectroscopy (SEM-EDS) shows that crystals are homogeneous, without zon-
ing, although some crystals show variations compositions of CaO, MgO, Fe2O3 in the rim and core.
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HYDROXY-INTERCALATED SMECTITE (HIS) SYNTHESIS FROM 
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The acidic weathering of soils causes transformation of primary silicates such as feldspars or layer silicates to 
intermediate phases, especially clay minerals including their interstratifications. Due to acidic soil solutions, often 
occurring in upper soil horizons, Al is mobilized as Al3+ leading to a cation exchange of expandable minerals such 
as smectite or vermiculite. Al3+ then polymerizes in the interlayer regions forming island-like Al-OH polymers 
(Hydroxy-interlayers, HI) that are irreversibly fixed, leading at times to a drastically reduced expandability of the 
clay minerals, and thus, a reduced soil fertility. These hydroxy-interlayered minerals, such as hydroxy-interlayered 
smectite (HIS), or hydroxy-interlayered vermiculite (HIV) and their interstratifications, are difficult to quantify.

The aim of the project is to quantitatively describe the soil mineralogy including HI minerals using X-ray diffrac-
tion and the Rietveld method with the software package BGMN. To be able to apply the Rietveld method, a crys-
tallographically correct structural model of each mineral must exist. In order to test and prove the correctness of a 
structural model, such as HIS, it should be applied to a pure phase that is well characterized to validate the refined 
structural parameters and to be able to verify the goodness of the fit without overlap with other mineral reflections. 
Due to the similarity regarding the chemistry and the same particle size compared to the primary layer silicates, 
it is not possible to separate these phases by any chemical or physical method (e.g., particle size separation) to 
obtain a mineralogically “pure” sample of HI minerals. In this study, we, therefore, synthesized highly enriched 
HIS samples as a set of 7 subsamples with different degrees of HI.

As a starting material we used a natural bentonite from Milos (Greece) that was size fractionated to <2 µm and 
saturated with Na+. To the resulting sample containing >90% w/w dioctahedral smectite with minor amounts of 
K-feldspar, plagioclase, quartz, and anatase (in decreasing abundance), 1.000% w/w zircon (ZrSiO4) was added 
as an internal standard. The mixture was homogenized and split into 7 identical subsamples. 6 of the subsamples 
were treated with a 0.1 mol/L AlCl3 solution and titrated to pH=5.5, using a 0.3 mol/L NaOH solution (endpoint 
titration), while 1 subsample was not treated with AlCl3 solution to receive a 0% HI sample. The other 6 subsam-
ples were treated differently regarding the volume of 0.1 mol/L AlCl3 added and the total reaction time leading to 
a continuous sample set of 7 different samples ranging from 0% HI to almost 100% HI.

Characterization of these subsamples was performed using a multianalytical approach. A number of methods 
including X-ray diffraction (XRD), Fourier transform infrared spectroscopy (FTIR), cation exchange capacity 
(CEC) determination, X-ray fluorescence (XRF), simultaneous thermal analyses coupled with mass spectrometer 
(STA-MS), and others were used to characterize the reaction products and to calculate the Al budget. XRD, STA-
MS, and FTIR were used to estimate the proportion of crystalline Al(OH)3 phases precipitated during the repeated 
addition of AlCl3 solution. Chemical calculations of the Al budget were undertaken at first to estimate the maxi-
mum proportion of precipitated X-ray amorphous Al(OH)3 which is extremely difficult to detect, and secondly to 
evaluate the amount of HI for each subsample as determined by the CEC.

Although no direct methods are applicable to determine the degree of HI and the proportion of both crystalline and 
X-ray amorphous Al(OH)3 phases, the data show that an estimation of the degree of HI as well as the proportions 
of crystalline and X-ray amorphous Al(OH)3 phases are possible. STA-MS results show decreasing dehydration 
and dehydroxylation temperatures, as well as a more continuous behaviour compared to the reactant that showed 
clearly distinguishable dehydration and dehydroxylation peaks. These results indicate increasing proportions of 
HI and crystalline and/or X-ray amorphous Al(OH)3 phases. The synthesized sample set consists of a continuous 
series of HIS samples different degrees of HI. Although minor impurities are present such as feldspar, quartz, ana-
tase, or newly formed Al(OH)3 phases, these samples are highly enriched in homogeneous HIS phases and hence, 
suitable to develop a structural model of HIS.
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Corrensite is a mineral which commonly occurs in sediments, hydrothermal altered rocks, under retrograde di-
agenetic conditions, and soils. Corrensite is a regular interstratification of trioctahedral chloritic layers with either 
trioctahedral smectitic layers (low-charged corrensite) or trioctahedral vermiculitic layers (high-charged correns-
ite). Detailed knowledge of this mineral is necessary to be able to develop structural models suitable to quantify 
corrensite in natural rocks and soils using XRD and the Rietveld method. 

The present study presents the characterisation of a corrensite sample from Scotland to define its crystal chemistry 
and structural parameters such as the layer charge density. This particular sample was originally collected by Colin 
Farmer from the Hillhouse quarry, a hydrothermal altered basalt in Ayrshire. Even the bulk material is almost free 
of impurities and could be further purified by particle size fractionation and is, therefore, suitable for a detailed 
characterisation and to derive the required structural parameters.

The sample was identified as corrensite by XRD measurements of oriented specimen in air-dried and ethylene-gly-
col intercalated state. However, it could be shown that the d00l spacings slightly deviate from an ideal rational series 
with a coefficient of variation of 0.25. XRD powder patterns proved the trioctahedral character of the sample based 
on the 060 peak position (d060=1.542 Å). Most intensity maxima of the hk reflections were broad and asymmetric 
and could hardly be assigned to Bragg peak positions. This indicates strong rotational and translational disorder of 
the layers parallel to each other.

The sample was further examined by SEM, XRF, Fe2+/3+ determination, STA-MS, FTIR, and the determination of 
the CEC. These data were used to characterize the corrensite, to identify impurities, subtract the influence of impu-
rities on the chemical data, and to calculate a structural formula of the corrensite. This structural formula was used 
to calculate a theoretical CEC and mass loss by heating, which were compared to observed data. Additionally, the 
type of the smectitic layers were derived from these data and the corrensite determined as a low-charged corrensite.

The slight deviation from rationality of the basal reflections as well as the modulated intensity distribution of the 
powder pattern show that the sample contains strong structural defects. This can be most likely expected for all 
corrensites. The results of this study, therefore, are used as basis for further development of a structural disorder 
model suitable to describe the three-dimensional XRD patterns of corrensites in mixtures with the Rietveld method.
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Phase transformations and microstructural evolution of sintered kaolin are important considerations for industrial 
application. This study presents preliminary findings on the thermal decomposition and mechanical behaviour 
of kaolin from Duthuni, exploited for clay brick production. Thermal stability was investigated by simultaneous 
differential scanning calorimetry (DSC) and thermogravimetry (TG), while technological properties were assessed 
on the basis of flexural strength (σ), water absorption capacity (WA) and linear shrinkage (LS) at four firing tem-
peratures (800 oC, 900 oC, 1000 oC, and 1100 oC). The DSC curve portrayed three endothermic peaks at 85 oC, 
295 oC and 535 oC corresponding to elimination of adsorbed water, goethite dehydroxylation and formation of 
metakaolinite respectively. A weak exothermic peak was observed at 945 oC with a cumulative mass loss of 10.5%. 
Findings also indicated that σ, WA and LS were significantly altered with increase in firing temperature. Compared 
to other kaolins commonly employed for structural ceramic production, Duthuni kaolins showed moderate to good 
qualities. However in-depth studies are required to complement current findings.
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Pickering emulsion is a kind of emulsion system stabilized by solid particles instead of surfactant molecules. Cur-
rent work has mainly focused on emulsifies based on spherical particles or plate-like particles. There have been 
few reports for the Pickering emulsions stabilized by fibrous particles. Herein we chose native fibrous palygorskite 
particles and grafted fibrous palygorskite particles as Pickering emulsifiers, respectively. Moreover, pH-sensitive 
composite microspheres were successfully prepared from a novel Pickering emulsion polymerization using paly-
gorskite particles as a stabilizer. Then, the application of these pH-sensitive composite microspheres as drug carriers 
was investigated. Palygorskite based Pickering emulsions have also been applied for lipase immobilization. The 
main content and results are summarized as follows: 
1. The effects of different factors, such as particles concentrations, the pH values, and salt concentrations, on the 
properties of palygorskite particles-stabilized O/W emulsion were investigated. It was found that the emulsion drop-
let diameter decreased with increased particle concentration. A three dimensional network formed by the particles 
in the continuous phase plays an important role in improving emulsion stability. The palygorskite-based Pickering 
emulsions can undergo several cycles of in-situ emulsification-demulsification by altering the pH of continuous 
phase. Even at high NaCl concentrations, the as-prepared emulsions still have a satisfactory stability and have been 
stable for over 3 months in storage.
2. Brushes of poly(N,N-diethylaminoethyl methacrylate) (PDEAEMA) were successfully grafted from the surface 
of palygorskite via single-electron transfer mediated living radical polymerization (SET-LRP). The effects of differ-
ent conditions, such as particles concentrations, the pH value, and oil-to-water ratio, on the properties of palygor-
skite-PDEAEMA particle-stabilized W/O emulsion were investigated. The morphology of emulsions was observed 
using scanning electron microscope (SEM). It was found that the palygorskite-PDEAEMA particles, as a form of 
small, irregular bundles and nano-rod aggregates, were adsorbed at the oil-water interface. The type of emulsions 
can be controlled by changing the pH. Moreover, W/O emulsion—de-emulsion—O/W emulsion transitions can be 
realized simply by adding HCl/NaOH to tuning the pH, which can last at least 7 successive cycles. Therefore, paly-
gorskite-PDEAEMA particles can be used as an excellent recyclable pH-sensitive Pickering emulsifier.
3. pH-sensitive composite microspheres were successfully prepared from a novel Pickering emulsion polymeriza-
tion using palygorskite particles as a stabilizer. The release profile of the model drug (Rhodamine B) from compos-
ite microspheres was studied in the solutions at different pHs. Release mechanism was analyzed using the dynamic 
model. The pH-sensitive composite microspheres with average size of about 50 μm were obtained. The ektexine 
of composite microspheres consists of two layers: a palygorskite particle layer and a polymer layer. The as-synthe-
sized composite microspheres exhibit good pH-responsive property. The release rates of Rhodamine B are greatly 
dependent on pH value. In addition, Higuchi’s model is fit for Rhodamine B released from composite microspheres 
at pH 5, 7.4 and 10, which appeared to be diffusion controlled.
4. With the palygorskite based Pickering emulsion as a template, organic/inorganic composite microspheres were 
prepared by emulsion polymerization and then used as a support for the immobilization of lipase. The composi-
tion and morphology of the composite microspheres were characterized with FTIR, TGA, and SEM. The reaction 
conditions, the stability of immobilized lipase and its re-use were investigated. Then the lipase was applied as a 
co-emulsifier with the palygorskite for the preparation of Pickering emulsion. The stability of the emulsion formed, 
the mechanism of the synergistic stabilization for the Pickering emulsion and its biological catalytic performance 
were explored. Resolution of racemic 2- methyl -1- butanol catalyzed by the lipase was investigated. Comparison 
of the activity of the free lipase, of the immobilized lipase with composite microspheres, and of Pickering emulsion 
immobilized lipase was performed.

[1] Lu J., Tian X., Jin Y., Chen J., Walters K.B., Ding S. (2014). A pH responsive Pickering emulsion stabilized by fibrous palygorskite par-
ticles. Applied Clay Science, 102: 113-120.

[2] Lu J., Zhou W., Chen J., Jin Y., Walters K.B., Ding S. (2015). Pickering Emulsions Stabilized by Palygorskite Particles Grafted with 
pH-responsive Polymer Brushes. RSC Advances, 5: 9416-9424.

[3] Lu J., Wu J., Chen J., Jin Y., Hu T., Walters K.B., Ding S. (2015). Fabrication of pH-sensitive poly(2-(diethylamino)ethyl methacrylate)/
palygorskite composite microspheres via Pickering emulsion polymerization and their release behavior. Journal of Applied Polymer 
Science, 132(26): DOI: 10.1002/app.42179.
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LAYERED DOUBLE HYDROXIDE MATERIALS COATED CARBON 
ELECTRODE: NEW CHALLENGE TO FUTURE ELECTROCHEMICAL 
POWER DEVICES 
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Layered double hydroxides (LDH) have been widely used in the past years due to their unique physicochemical 
properties and promising applications in electroanalytical chemistry. The present paper is going to focus exclu-
sively on magnesium-aluminum and zinc-aluminum layered double hydroxides (MgAl & ZnAl LDHs) in order 
to investigate the property and structure of active cation sites located within the layer structure. The MgAl and 
ZnAl LDH nanosheets were prepared by the constant pH co-precipitation method and uniformly supported on car-
bon-based electrode materials to fabricate an LDH electrode. Characterization by powder x-ray diffraction, Fourier 
transform infrared spectroscopy, scanning electron microscopy and transmission electron microscopy revealed the 
LDH form and well-crystallized materials. Wetting surface properties (hydrophilicity and hydrophobicity) of both 
prepared LDHs were recorded by contact angle measurement show hydrophilic character and basic property. The 
electrochemical performance of these hybrid materials was investigated by mainly cyclic voltammetry, electro-
chemical impedance spectroscopy and chronoamperometry techniques to identify the oxidation/reduction process-
es at the electrode/electrolyte interface and the effect of the divalent metal cations in total reactivity. The hierarchy 
of the modified electrode proves that the electronic conductivity of the bulk material is considerably dependent on 
the divalent cation and affects the limiting parameter of the overall redox process. However, MgAl LDH shows 
better performance than ZnAl LDH, due to the presence of magnesium cations in the layers. Following the struc-
tural, morphological and electrochemical behavior studies of both synthesized LDHs, the prepared LDH modified 
electrodes were tested through microbial fuel cell configuration, revealing a remarkable, potential new pathway for 
high-performance and cost-effective electrode use in electrochemical power devices. 
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CYCLIC CHANGES IN CLAY MINERALS ASSEMBLAGES IN 
PALEOGENE POST RIFT CONTINENTAL SEDIMENTS OF THE SALTA 
BASIN (NW ARGENTINA)
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The Salta Group was deposited in an intracontinental rift, the Salta Basin that evolved from the lower Cretaceous to 
the middle Palaeogene, and is subdivided intothe Pirgua, the Balbuena and the Santa Barbara Subgroups. The Maíz 
Gordo Formation (MG Fm) that is 200 meters thickis the middle unit of the Santa Bárbara Subgroup, corresponding 
to late post-rift sedimentation. These deposits mainly consist of sandstones, mudstones and limestones, plus several 
paleosol levels. We studiedthe mineralogy of fine-grained levels of the MG Fmby XRD and SEM in order to exam-
ine the connection between vertical changes in clay mineralogy in alluvial sediments and paleosol levels and global 
paleoclimatic changes registered during the Paleogene. The samples were collected in two stratigraphic sections, 
the Tin Tinand Obeliscosites, located in the west of the Salta Basin.

XRD revealed marked vertical changes in clay mineralogy and kaolinite/muscovite (Kln/Ms)ratios that according 
to [1] can be used as a palaeoclimatic indicator. In the basal level of the MGFm at the Tin Tin section illite-mica is 
very abundant whereas smectite relative abundance is around 25%, and kaolinite is absent (Kln/Ms=0). The next 
fine-grained level, 25 meters up section, depicts a sharp increase in kaolinite content together with a strong decrease 
in smectite and illite-mica abundances (Kln/Ms=0.68). Upwards kaolinite abundances gradually increase at the 
expense of illite-mica for the next 30 meters, except for slight fluctuations, reaching a maximum Kln/Ms ratio of 
1.3. Then, kaolinite contents decrease sharply and Kln/Ms ratio decrease to 0.8 in few (five) meters. Towards the 
top of the unit another three cycles of increase/decrease in kaolinite relative abundances occur in shorter intervals, 
depicting, respectively, maximum Kln/Ms ratios of 2.7, 5.2 and 3.9. On the other hand, in fine-grained levels of the 
MG Fmat the Tin Tin site, smectite contents remain low, except for one bed with a peak value of 38%. At the Obe-
lisco site the clay assemblages of the MG Fmshow a similar trend asat Tin Tin, with successive cycles of increase/
decrease in kaolinite contents. Likewise, smectite contents remain less than 10% with the exception of a level in 
which smectite has a peak value of 29%. SEM showedeuhedral kaolinite plates forming well-developed booklets 
and smectite packets. Both clays grew from altered K-feldspar fragments indicating their authigenic origin.

For the paleosol levels occurring in the upper 15 meters of the studied sections organic matter carbon isotope data 
that records three negative carbon isotope excursions (CIE) were recently obtained [2], one of them was correlat-
ed bythese authors with the Paleocene to early Eocene Thermal Maximum. It is remarkable that the three CIEs 
match very well with the three levels depicting the highest Kln/Ms ratios mentioned above. Thecyclic increase in 
kaolinite abundance and Kln/Ms ratio indicate several climatic changes implying progressively higher hydrolyzing 
conditions. In fact, the increase in kaolinite relative abundances in the upper part of the profiles is in agreement 
with the rise in paleoprecipitacion and paleotemperature indicated by different proxies [2]. Thus thecyclicchanges 
in kaolinite relative abundances in the study sections of the MG Fmconstitute strong evidence of the occurrence of 
several short-lived hyperthermals during Paleocene-early Eocene time in the Southern Hemisphere coincident with 
well-establishedwarm episodes in the Northern Hemisphere [3].

This research was funded by the Spanish Ministerio de Educación y Ciencia (CGL2013-46169-C2-1-P).

[1] Chamley, H., (1989). Clay sedimentology. Springer, Berlin-Heidelberg, 623 pp.
[2] Andrew, E., White, T., del Papa, C. (2016). Paleosol-based paleoclimate reconstruction of the Paleocene-Eocene Thermal Maximum, 

Northern Argentina. Palaeogeography, Palaeoclimatology, Palaeoecology, in press.
[3] Zachos, J.C., McCarren, H., Murphy, B., Rohl, U., Westerhold, T. (2010). Tempo and scale of late Paleocene and early Eocene carbon 

isotope cycles; implications for the origin of hyperthermals. Earth and Planetary Science Letters 299, 1-2, 242-249.
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POST-DEPOSITIONAL EVOLUTION OF THE ORDOVICIAN 
SUCCESSIONS OF NORTHWESTERN ARGENTINA 
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The thermal post-depositional evolution of metapelitic and metavolcanic rocks of the upper Cambrian-Ordovi-
cian succession of the Central Andes of northwestern Argentina was estimated through clay mineral analysis, 
Kübler index, SEM-EDS study of selected samples and chlorite geothermometry [1]. The study area comprise 
five representative regions in Cordillera Oriental and Puna, that are from east to west: Sierra de Santa Victoria 
(Nazareno and Santa Victoria river areas), Cordón de los Siete Hermanos (Yavi), Sierra de Cochinoca-Escaya and 
Sierra de Rinconada. Based on KI values and occurrence (or absence) of slaty cleavage the studied rocks can be 
divided in three groups: 1) Almost all the mudstones from Sierra de Santa Victoria show KI values in the range 
of deep diagenesis-low anchizone and a rough bedding-parallel microfabric (S0). The clay mineral assemblages 
identified in these metapelites illite-muscovite + chlorite ± kaolinite, or illite-muscovite ± Chl/Sm ± I/Sm are in 
agreement with the diagenetic-anchizonal grade indicated by KI values. 2) To the west, slates from Yavi depict 
KI values in the range of high anchizone-epizone (0.30-0.36Δ°2θ) and rough anastomosing spaced cleavage (S1) 
parallel to the sedimentary layering (S0), or a crenulation cleavage (S1) oblique to S0. The clay mineral associ-
ations identified in these slates (illite-muscovite ± kaolinite ± chlorite ± smectite) do not represent equilibrium 
assemblages, neither are they consistent with the KI values indicating high anchizone to epizone. Consequently 
smectite and kaolinite probably represent retrograde-diagenetic products [2]. 3) Finally, slates and metavolcanic 
rocks from Puna show KI values from high anchizone to epizone (0.23-0.35Δ°2θ). In these slates a discontinuous 
crenulation cleavage (S1) oblique to S0 or an S1 cleavage, mainly sub parallel to the sedimentary layering (S0) is 
observed. Few samples of this group show clay-mineral assemblages comprising illite-muscovite and chlorite, in 
coherence with the anchizonal/epizonal grade indicated by KI values. On the contrary, most of the samples con-
sist of complex clay-minerals assemblages comprising, in addition to illite-muscovite and rarely chlorite, diverse 
phyllosilicates like kaolinite, smectite, and various mixed-layers (Chl/Sm, Chl/Vrm and Chl/Mi) that are not stable 
in the anchizone and neither in the epizone. Consequently, these phases could not represent prograde metamorphic 
phases in these rocks. Furthermore, metaandesites from Sierra de Cochinoca-Escaya present strong evidences of 
hydrothermal alteration at optical microscope and SEM, such as phenocrysts of albite depicting dissolution voids, 
embayments filled with mixed-layered phyllosilicates, replacement by fine-grained white mica and sulfates of the 
alunite-jarosite family occurring in close association with goethite. Moreover, mixed-layered phyllosilicates form 
veinlets, sometimes associated with scarce anhedral quartz. Geothermometric calculations performed for the three 
chlorite-bearing samples yield temperatures from 124 to 199 °C for a mudstone from Nazareno (n= 6, average 138 
°C) and values in the range from 179 to 339 °C (n= 18, average 273 °C) for Cordón de los Siete Hermanos . On the 
other hand, a wide range of temperatures from 151 to 322 °C (n= 28, average 231 °C) were obtained for chlorites 
from a slate of northern Puna. However, geothermometric calculations could not be accomplished for a significant 
number of chlorite analyses enclosed in the ð <0.1 p.f.u./Si <2.5 p.f.u. window, that are outside the T range of 
applicability of Bourdelle’s thermometer, and thus probably formed at T >350 °C. The paleotemperatures obtained 
with the chlorite geothermometer, in coincidence with KI values, showed an E-W trend from diagenesis/low 
anchizone in the eastern localities, to high anchizone/epizone in the Puna, with intermediate values in locality of 
Yavi. The common occurrence of kaolinite in the slates and the metavolcanic rocks of Sierra de Cochinoca-Escaya, 
coupled with the substitution of chlorite by interstratified lower-temperature phases (smectite, kaolinite, as well as 
interstratified Chl/Sm and Chl/Vrm) in most of these rocks and the occurrence of jarosite in a metadacite, indicate 
hydrothermal fluids with high H+/cations ratios, producing acid type alteration, at temperatures between 100 and 
~300 °C. The hydrothermal alteration should have been subsequent to the maximum burial and the attainment of 
epizonal metamorphism, and was very probably related with the posthumous activity of the Ordovician volcanic 
arc. This is, up to our knowledge, the first report of an extensive hydrothermal activity affecting not only the vol-
canic rocks but also the Lower Ordovician sediments of northern Puna.

[1] Bourdelle, F.; Parra, T.; Chopin, C.; Beysacc, O. (2013). A new chlorite geothermometer for diagenetic to low-grade metamorphic condi-
tions Contributions to Mineralogy and Petrology, 723-735.

[2] Nieto, F.; Mata, M.P.; Bauluz, B.; Giorgetti, G.; Árkai, P.; Peacor, D.R. (2005). Retrograde diagenesis, a widespread process on a regional 
scale. Clay Minerals, 93-104.
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CATION EXCHANGE PROCESSES OBSERVED IN THE FEBEX FIELD 
EXPERIMENT
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Bentonites are candidate materials for the encapsulation of radioactive waste in barrier systems in crystalline 
rocks. Their long-term behaviour of up to 1 million years is important to understand. Alteration of bentonites can 
be studied in natural analogues (illitization, alkaline plume) and in laboratory experiments at numerous conditions. 
Few natural analogues exist and laboratory experiments were usually performed at unrealistic conditions such as 
high solution/solid ratios and dynamic (batch) experiments. Important knowledge about bentonite performance is 
gained from large-scale experiments in different underground rock laboratories with different type of groundwater. 

The “full-scale engineered buffer experiment” (FEBEX) experiment was installed in Grimsel, Switzerland, with 
a low salinity groundwater: Na-Ca-HC03-F type with 0.7 mM Na+ and 0.14 mM Ca2+. Other cations are present in 
traces: 2.1 µM Mg2+, 2.3 µM Sr2+, and 3.6 µM K+; the pH in 9.6 (Degueldre, 1994, table 3 for GTS). The FEBEX 
experiment was heated up to 100 °C for 18 years of operation. 

The Prototype Repository (PR) experiment (Äspö, Sweden) on the other hand reacted with a Na-Ca-Cl dominated 
groundwater (each ~ 2500 mg/L Na+ and Ca2+, ~ 8500 mg/L Cl-, and ~ 500 mg/L SO4

2-) with minor contents of 
Mg2+, Br-, and K+ (all <100 mg/L). PR was heated to 65-85 °C (section 2) for 8 years. 

Both experiments have been (partly) terminated recently. One of the fastest reactions that can be measured in order 
to study alteration of the buffer material is cation exchange. Cation exchange is important because it determines 
physical and chemical properties of bentonites [1].

The PR data were published before [2]. In the following this data is compared with the recently obtained FEBEX 
results. In the FEBEX experiment, the distribution of exchangeable cations was investigated in different sections. 
All different sections showed comparable trends. 

• Exchangeable Mg2+ shows a sharp increase towards the heater. Near the heater exchangeable Mg2+ was higher 
compared to the reference values. This differs from the PR experiment where exchangeable Mg2+ values were 
always lower compared to the reference materials with a small increase at the direct contact to the heater [2]. 

• Exchangeable Na+ values were more or less unchanged over a large distance from the cold side to the hot side 
(heater). Closer to the heater exchangeable Na+ values decreased in both the FEBEX and in the PR experiment.

• Exchangeable Ca2+ values were lower at the cold (host rock) side in FEBEX and increased (linear trend) to 
the hot side whereas in the PR experiment (nearly) all values were higher than the reference values and the 
increase towards the heater was sharp. 

The observed differences can possibly be explained by the different types of water, and secondly the maximum 
temperature which was lower for the PR experiment that for the FEBEX experiment. 

[1] Sellin, P., Leupin, O. (2014). The use of clay as an engineered barrier in radioactive waste management - a review. Clays and Clay Min-
erals, 61, 477-498.

[2] Dohrmann, R., Kaufhold, S. (2014). Cation exchange and mineral reactions observed in MX 80 buffers samples of the prototype reposi-
tory in situ experiment in Äspö, Sweden. Clays and Clay Minerals, 62, 357-373.
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Residues from beneficiation of borate ores have been extensively investigated in the last decade. The recycling 
of boron-containing wastes has been assessed in clay bricks, ceramic tiles, as well as ceramic frits and glazes. All 
these studies agree about the technological feasibility of the utilization of borate residues, even though with differ-
ent amounts depending on the end-use.

Waste ceramic usage has been assessed in clay bricks (up to 30%wt), ceramic tiles (up to 8%wt), as well as in 
ceramic frits and glazes (up to 5%wt). Clay bricks can tolerate an amount of B2O3 widely spanning from around 
1% to 5-6% that falls to ≤1% in the case of glazes.

This study is aimed at appraising the re-use of boron sludge, coming from the Argentinian production factories, in 
porcelain stoneware tiles, addressing key-points in processing and product performance. The rationale consisted in 
adding different waste amounts (2-5-10%wt), then testing their technological behavior at the laboratory scale and 
finally characterizing semi-finished and finished products in order to assess technological feasibility. The batches 
were designed by two different strategies: adding boron waste in replacement of ball clay in an “Argentinian-style 
formulation” and in replacement of sodic feldspar in an “Italian-style body”. 

Argentina has an important boron production with a yearly output of 170,000 tons of borax and boric acid com-
pounds. The waste sludge comes from the Tincalayu mine (67 ° 03’ W and 25 ° 16’ S) located at the western end 
of Salar del Hombre Muerto in the Salta province, Argentina.

The waste was taken directly during a routine industrial processing day; it came from the boric acid obtained after 
a hot water leaching for the borax solubilization. The waste sludge is characterized by a typical clay composition 
(65% of particle size <2 micron and 35% of silt), and composed of quartz (~20%wt), plagioclase (~50%wt), illite 
(~20%wt) and borate (~10%wt). 

The percentage of iron oxide higher (~3%) and the relatively low loss in ignition (~11%) are the further features 
peculiar of the boron sludge. While the amount of iron is a limitation for its use in the white firing bodies, the latter 
is undoubtedly an advantage for its utilization in vitrification tiles. Boron sludge is characterized by a very strong 
fusibility, witnessed by a melting temperature close to 1100 °C, value almost 300 °C lower than the strongest 
ceramic flux currently used (i.e. nepheline syenite) and nearly 600 °C below than typical fluxes used in porcelain 
stoneware tiles. 

Recycling the boron sludge in ceramic tile-making is possible only with a careful strategy of replacement (feldspar 
or clay) and controlled addition is done in the industrial practice. During some steps of the conventional technolog-
ical process such as milling and shaping, a slight reduction of the powder moisture, a fluctuation of expansion after 
pressing (i.e. 0.3-0.6 cm/m) and improved compaction (bulk density of dry bodies increased for addition over 2% 
of waste) were detected. Moreover, the waste addition implies an increase of reactivity: the firing temperature can 
be reduced according to the amount of waste added. The introduction of the borate waste into porcelain stoneware 
bodies changes the technological behavior (during milling, pressing and firing) as well as the phase composition 
and technical properties of finished products. The recommended amount of waste varies from 2% to 5% wt de-
pending on the body type and strategy of replacement. In addition, the waste ensures an increase of reactivity: the 
firing temperature can be reduced according to the amount of waste added.
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Colloidal and granular particles tend to adsorb strongly at liquid interfaces due to capillary interactions. Adding 
particles to an emulsion therefor generally results in particle covered drops, and stabilization of the emulsion [1]. 
Such particle coated drops have also be used to fabricate semi-permeable capsules [2]. Clay particles of various 
sizes are used in this context, and efficiently coat both liquid drops and bubbles [3,4,5]. Our own studies in this area 
show how electric field driven hydrodynamic circulation flows can be used to structure and dynamically control 
particle assemblies at drop surfaces [6,7,8]. This includes convective assembly of jammed colloidal ‘ribbons’, elec-
tro-rheological colloidal chains confined to a two-dimensional surface and spinning colloidal domains on that sur-
face, and the dynamical ‘pupil’-like openings in colloidal clays shells [7]. We also show that the synergetic action 
of electro-hydrodynamic flow and electro-coalescence can be used to build Janus and patchy colloidal shells [8].

[1] R. Aveyard, B.P. Binks, J.H. Clint (2003). Emulsions stabilised solely by colloidal particles. Adv. Coll. Int. Sci. 100, 503-546.
[2] A.D. Dinsmore et al. Colloidosomes: selectively permeable capsules composed of colloidal particles.(2002) Science 298, 1006-1009.
[3] N.P. Ashby, B.P. Binks, B (2000). Pickering emulsions stabilised by Laponite clay particles. Phys. Chem. Chem. Phys. 2, 5640-5646 
[4] A. B. Subramaniam, J. Wan, A. Gopinath, H. A. Stone, Semi-permeable vesicles composed of natural clay (2011) Soft Matter,7, 2600
[5] A. Gholamipour-Shirazi, M.S. Carvalho, M.F. G. Huila, K. Araki, P. Dommersnes, J.O. Fossum (2016). Transition from glass- to gel-like 

states in clay at a liquid interface, Scientific Reports by Nature, 6, Article number: 37239.
[6] P. Dommersnes, J.O. Fossum (2016). Surface structuring of particle laden drops using electric fields, Eur. Phys. J. ST, 225, 715-728.
[7] P. Dommersnes, Z. Rozynek, A. Mikkelsen, R. Castberg, K. Kjerstad, K. Hersvik, J.O. Fossum, (2013). Active structuring of colloidal 

armour on liquid drops. Nature Communications, article number 2066.
[8] Z. Rozynek, A. Mikkelsen, P. Dommersnes, J.O. Fossum, (2014). Electroformation of Janus and patchy capsules, Nature Communica-

tions, article number 3945.
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Clay bricks - the most ancient ceramic building materials - are widespread and apparently made up with whatever 
kind of clay raw materials. In reality, both technological behaviour during processing and technical performance 
of finished products strongly depend on clay features, particularly mineralogical composition and particle size 
distribution.

This contribution wants to draw attention to the knowledge chain existing along brick manufacturing: 

- genesis of clay deposits (sedimentary environments and post-depositional events);
- clay composition (chemical and mineralogical composition, particle size distribution);
- clay exploitation (size and shape of deposits, compositional uniformity, geotechnical issues);
- technological behaviour of clays (plasticity, drying sensitivity, firing transformations);
- technical properties of finished bricks (porosity, mechanical strength, frost resistance, etc).

The main goal is to connect geological features (clay genesis and composition) to industrial manufacturing (clay 
exploitation and technological properties) to product performance and value (brick technical properties and pos-
sible defects). This knowledge chain can be most helpful on one side for clay exploration and drawing maps of 
“mineral deposits of public importance” [1]; on the other side, to improve resource efficiency and brick quality 
from the industrial viewpoint [2].

Examples of brick clays with different genesis are shortly overviewed: fluvial, lacustrine, fluvio-glacial, deltaic, 
and marine (platform, slope, submarine fan and deep-sea basin) along with shales and tectonic mélanges. Compo-
sitional features are related to geological issues and technological properties in order to address overall considera-
tions for brick characteristics and performances.

The most important deposits of brick clays in Spain are in Neogene basins(marine, continental and lacustrine) with 
unlimited resources. The lithology consists of clays and marls composed of carbonates, phyllosilicates and quartz 
(gypsum, feldspars, iron oxides and carbonate nodules). The dominant phyllosilicates are illite and smectite (kao-
linite and chlorite in minor proportions). The main ceramic industries are in Toledo and Bailén. 

Fluvial and fluvio-deltaic sediments deposited in meandering systems are the major source of brick clays in Por-
tugal. The clay bodies’ morphology is basically lenticular with variable thickness (usually≤10m) and lateral extent 
(few to 100’s m). The age of the economic deposits range from Upper Jurassic to Plio-Pleistoceneand the most 
important are dated from Tithonian, Lower Cretaceous and Plio-Pleistocene. Illite, kaolinite and quartz (order 
of these minerals’ importance varies)constitute the most frequent mineral association; smectites, interstratified 
clay minerals and chlorites are frequently present; Fe oxi/hydroxides and feldspars occur as accessory minerals. 
Compositional trends are noticeable, such as: mineralogical zonation in Plio-Pleistocene clays, which tend to be 
more illite-rich in the country’s northern area (north of river Mondego) and preferably kaolinite-rich in the south; 
Upper Jurassic and Lower Cretaceous clays tend to be kaolinite-rich. Almost all these clays are poor or devoid of 
carbonates.

Fluvio-glacial sandy-silty deposits of Upper Pleistocene, deeply weathered to relatively thin (<5 m) but laterally 
extended paleosols, are characteristic brick clays in northern Italy. They are peculiar because podzolisation left 
little or no carbonates and a smectite-rich composition, which brings about a good plasticity despite the coarse 
grain size. The resulting bricks are bright red in color and with a coarse pore size distribution usually ensuring 
excellent frost resistance.

[1] MINATURA 2020 project “Mineral Deposits of Public Importance” (MDoPI), http://minatura2020.eu.
[2] Bloodworth A., Highley D., Cowley J. (2007). Brick clay. Mineral Planning Factsheet, 13 pages, https://www.bgs.ac.uk.
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The elastic modulus of clay-minerals strongly affect the mechanical properties of natural materials, such as shales 
and soils. However, due to their tiny size, the direct measurement of the response of clay-mineralsto mechanical 
stress remains extremely challenging. In this study, we used anatomic force microscopy (AFM) technique to map 
the mechanical properties of clay-minerals at the nanometer scale. Tactoids of kaolinite and illite were measured 
in air, and the measured reduced Young’s moduli (in the range 18-22 GPa) are in agreement with the calculated 
values reported in the literature. Clay-minerals within shales were found to have a stiffness in the range 18-40 
GPa, which was stiffer than organic matter but softer than calcite grains. In addition to the analysis in air, we also 
carried out experiments in which clay-minerals were imaged with AFM in aqueous solutions with different ionic 
strengths. We found that the modulus of kaolinite dropped from a modal value of 20 GPa to 7.1 GPa when the fluid 
environment was switched from deionized water to a NaCl solution (100 mM). An increase in the ionic strength 
should decrease the electric double layer, reducing the Debye length, which may contribute to an alignment of the 
clay platelets into a more organized and compact structure. Such a structure may also clarify the lower modulus 
measured at high ionic strength since the resistance, of a card-like structure (face to edge) vs. an aligned structure, 
will be higher upon applying mechanical stress.
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Natural clay minerals, including laponite, montmorillonite and kaolinite, have been proven to be efficient drug 
carriers that provide high and long lasting drug concentrations owing to their adsorption capacity and ion exchange 
property [1,2]. Synthetic clays, however, are advantageous over the natural clay minerals in terms of purity of com-
position and controllable cation exchange, factors that contribute to improve reproducibility of the host system [3].

Here we demonstrated that the broad spectrum antibiotic agent Ciprofloxacin (CIPRO) can be intercalated into the 
interlayers of the synthetic clay mineral, fluorohectorite (Fh), likely replacing the native Li-cations. Via X-ray pow-
der diffraction and UV-VIS spectroscopy we show that, under acid conditions, the degree of CIPRO incorporation 
in the synthetic clay fluorohectorite is at least 25% higher than for other systems reported in the literature [5].

Release experiments conducted in synthetic gastric acid, at different temperatures, shows a gradual and temperature 
dependent release, which increases on heating. By using the Kosmeyer Peppas model and the Arrhenius equation, 
we show that the release of CIPRO from the clay particles is anomalous and diffusion-controlled, being mostly 
thermally activated, in particular at body temperature [dos Santos E. C., Rozynek Z., Hansen E. L., Michels L., 
Mikkelsen A., Plivelic T. S., Bordallo H. N., Fossum J. O., Ciprofloxacin intercalated in fluorohectorite clay: High 
adsorption and controlled release rate, submitted.].

These results bring new advances to drug carrier encapsulation by adding the synthetic smectite Fluorohectorite as 
another promising material for such applications.

[1] Joshi G.V., Kevadiya B.D., Patel H.A., Bajaj H.C., Jasra R.V. (2009). Montmorillonite as a drug delivery system: Intercalation and in vitro 
release of timolol maleate. International Journal of Pharmaceutics, 53-57.

[2] Takahashia T., Yamada Y., Kataoka K., Nagasaki Y. (2005). Preparation of a novel PEG-clay hybrid as a DDS material: Dispersion stabil-
ity and sustained release profiles. Journal of Controlled Release, 408-416.

[3] Rivera A., Valdés L., Jiménez J., Pérez I., Lam A., Altshuler E., Ménorval L.C., Fossum, J.O., Hansen E.L., Rozynek Z. (2016). Smectite 
as ciprofloxacin delivery system: Intercalation and temperature-controlled release properties. Applied Clay Science, 150-156.

[4] Rennels M.B., Meissner H.C., Baker C.J., Baltimore R.S., Bocchini J.A., Bradley J.S., Dennehy P.H., Robert J., Frenck W., Hall C.B., 
Long S.S., McMillan J.A., Powell K.R., Rubin L.G., Saari T.N. (2006). The Use of Systemic Fluoroquinolones. Pediatrics, 1287-1292.

[5] El-Shafey E.I., Al-Lawati H., Al-Sumri A.S. (2012). Ciprofloxacin adsorption from aqueous solution onto chemically prepared carbon 
from date palm leaflets. Journal of Environmental Sciences, 1579-1586.
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Waste building materials have got into increased professional concern due to availability, low cost and appropriate 
properties. Analogously to aluminosilicates, they represent chemically stable and environmentally friendly silicate 
materials, which mean new potential in building and decontamination technologies [1].
Two types of powdered wastes originating in building materials production (waste brick dust (WBD) from the 
production of ceramic blocks and concrete slurry (CS) from prestressed poles production) were testified as pos-
sible adsorbents of ecologically risk (highly toxic or radioactive) cations (Cd, Pb, Zn, Cs) and anions (As, Cr, U) 
from contaminated waters. Favourable adsorption properties result from a proper chemical composition (Al, Si, Fe 
content), surface hydratation of aluminosilicate structure and/or a high specific surface area (SBET) (Tab.1).

Table 1. Charcterization of waste building materials

sample chemical composition (% wt) mineralogical composition SBET (m
2/g)

SiO2 Al2O3 Fe2O3 TiO2 CaO MgO

WBD 49.5 19.7 6.1 0.8 13.5 4.8 illite, feldspar, quartz, micas, 
hematite 3.3

CS 32.3 6.6 1.3 <0.1 46.9 1.8 muscovite, portlandite, 30.9-38.2
CSFe

*) 26.6 4.3 29.8 0.4 18.7 2.1 calcite, quartz, (hornblende)

*) surface modification with Fe2+

Waste brick dust (WBD): The adsorption parameters calculated according to the Langmuir model for cations 
(Cd2+, Pb2+, Cs+) and anions (AsV, AsIII, CrVI, UVI) indicated a wide sorption selectivity of WBD for both cationic 
and anionic contaminants. The adsorption stability and selectivity declined in the order: Cd2+ ≥ Pb2+ >> Cs+ for 
cations, and in the order: UVI >> AsV > AsIII >> CrVI for anions at the adsorption efficiency of < 30% for AsIII, CrVI 

and Cr+, respectively, and ˃ 90% for Pb2+, Cd2+, AsV and UVI, respectively [2]. The WBD proved to be a selective 
sorbent of heavy metals (Pb2+/Cd2+) and UVI as [(UO2)n(OH)2n-1]

+ at a high adsorption efficiency and low sorbent 
consumption (<70 - 100 g per 1 g of contaminant), and a very good sorbent of AsV as AsO4

3- with more than four 
times greater sorbent consumption. The adsorption of Cs+ and CrVI as CrO4

2- on WBD was totally ineffective. 
Concrete slurry (CS) was used in original and Fe-modified forms (the surface modification of aluminosilicates 
with FeII/III was developed for the selective adsorption of anions from waters [3]). The adsorption of cations (Pb2+, 
Zn2+, Cd2+) and anions (AsV, AsIII, CrVI) on CS ran in the same manner as on WBD. The adsorption stability ac-
cording to the Langmuir model declined in the order: Cd2+ > AsV > Pb2+ ≈ Zn2+ ≥ AsIII > CrVI, at the maximum 
adsorption efficiency of ˃95% for AsV, 90% for AsIII, 40-60% for CrVI and almost 100% for Pb2+/Zn2+/Cd2+. The 
Fe-modification of CS raised up its adsorption efficiency to anions (AsIII/V, CrVI) about 15. - 20% at less than a half 
sorbent consumption (80 - 200 g per 1 g of contaminant). The cations (Pb2+, Zn2+, Cd2+) were adsorbed quantita-
tively on the initial CS at the sorbent consumption of 10 - 120 g per 1 g of contaminant. Their adsorption on CSFe 
did not exceed 15%. The CS/CSFe were found as promising sorbents of both heavy metals and toxic anions under 
appropriate technological conditions.

Acknowledgements: this work was the part of the project 16-13778S (Grant Agency of Czech Republic).

[1] Vejmelková E., Keppert M., Rovnaníková, P. et al. (2012). Properties of high performance concrete containing fine-ground ceramics as 
supplementary cementitious material. Cement & Concrete Composites 34, 55-61. 

[2] Dousova B., Kolousek D., Keppert M. et al. (2016). Use of waste ceramics in adsorption technologies. Applied Clay Science 134, 145-
152. 

[3] Doušová B., Grygar T. Martaus A. et al. (2006). Sorption of AsV on aluminosilicates treated with FeII nanoparticles. J. Coll. Interface Sci. 
302, 424-431.
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The empty lumen of halloysite nanotubes (HNTs) has been used in literature as nanocontainer for a wide range of 
active chemical agents from antioxidants to antibiotics, anticancer and anti-inflammatory drugs, from proteins to 
enzymes [1,2]. Differently loaded HNTs have been then used in composites with smart functions and properties [3].

In particular, we are interested in HNTs loaded with antibacterial agents with possible applications as additives in 
packaging materials for food industry. 

We set up a procedure for the loading of HNTs with salycilic acid (SA). SA is a natural antiseptic and bactericide 
used in pharmaceutical formulations and as an additive for food and cosmetics and it is used to model natural or-
ganic matter (NOM) in both experimental and theoretical studies of NOM adsorption on different kinds of mineral 
surfaces.

We characterized the HNTs empty and loaded with SA by a multi analytical approach including TG-FTIR, FTIR 
SEM, STEM and nitrogen adsorption/desorption isotherms measurements. Pristine HNTS were studied together 
with HNTS with enlarged internal lumen due to acidic etching. We obtained a maximum loading of 10% by using 
HNTs pretreated with H2SO4 2 M at 25 °C for 48 h. To improve the current knowledge of SA-clay interactions of 
interest for environmental and earth sciences, we deeply investigated the interaction of SA-HNTs at a molecular 
level by combining ATR-FTIR measurements and periodic density functional theory (DFT) calculations [4]. 

Preliminary results on the kinetics of the release of SA incorporated in the HNTs and on the effect of SA loaded 
HNTs on growth and metabolism of Pseudomonas fluorescens by using microbiological techniques and isothermal 
microcalorimetry (IMC) will be also presented. P. fluorescens was selected as food contaminating model microbe. 
IMC is a very sensitive technique which provides a real-time measurement of heat production related to the overall 
metabolism. In this study IMC was used to determine thermogenic growth curves of P. fluorescens, and to inves-
tigate its growth metabolism in the presence of SA loaded HNTs. We compared the thermokinetic parameters and 
microbial responses in order to assess the antimicrobial effect of the HNTs.

Acknowledgments: this work is supported by the Italian Ministry of University and Research (Project No.RBFR12ETL5, FIRB 2012).

[1] Lvov, Y.M.; DeVilliers, M.M.; Fakhrullin, R. (2016). The application of halloysite tubule nanoclay in drug delivery. Expert Opin on Drug 
Del., 13, 977-986.
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β-Lg: a Fourier Transform Infrared Spectroscopic and thermogravimetric study. Nanotechnology Nanotechnology, 28, 055706.

[3] Biddeci G., Cavallaro G., Di Blasi F., Lazzara G., Massaro M., Milioto S., Parisi F., Riela S., Spinelli G. (2016). Halloysite nanotubes 
loaded with peppermint essential oil as filler for functional biopolymer film. Carbohydrate Polymers 152, 548-557.
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Glacial tills in studied area are subjected to mineralogical researches hardly, by contrast to geomorphological 
scientific work, due to a meteorite fall, that left signs in the morphology of that region. The Morasko Meteorite 
Reserve is located in the northern part of Poznań (Western Poland), where meteorite formed several craters and 
elevations surrounding some of them. There occur glacial tills underlain by older (Mio-Pliocene) clay - silt sedi-
ments, known in Polish literature as the Poznań Formation [1,2]. 

This paper shows present results of mineralogical studies, which aimed to identify the mineralogical composition 
of sediments. Moreover changes of clay minerals were studied in samples from soil profiles, and from the trench 
located near the biggest crater (which exceed to 90 m). The studies indicated the mineralogical compositions, as an 
effect of the normal glacial processes and secondary weathering products rather, then effect of Morasko meteorite 
fall. 

The main components of tills were determined by the use of microscopic and X-ray diffraction studies. Fine frac-
tions of sediments are compose by clays and silts, with addition of sand and gravel fractions. Components in coarse 
fractions are as follows: quartz, feldspar, amphiboles, biotite and muscovite, as well as pebbles of igneous and 
methamorphic rocks. Fine fraction are dominated by the phyllosilicates: illite, kaolinite, smectite and smectite il-
lite mixed-layered minerals and vermiculite-type minerals [3,4,5]. Secondary weathering processes resulted in de-
velopment of modern soil profiles (humus, root fragments) and aluminum silicates of vermiculite - type minerals. 
Clay intercalations of the older rocks (Poznań Formation clays) into the younger ones, contain components typical 
for this Formation. Their fine fraction contains illite, kaolinite, smectite or smectite - illite minerals, accompanied 
by very fine-grained quartz and likely feldspars. The presence of clay intercalations in tills, can be referred to the 
meteorite fall. Glacial tills in the nearest part of craters are composed of illite, kaolinite, smectite and smectite - 
illite mixed-layered minerals. The depths of 80-120 cm are set apart from the other depths of profiles because of 
chlorite instead of smectite or smectite-illite phases content. The change of mineralogy is a possible indication of 
changes of the chemistry and physical conditions (temperature and/or pressure changes) in the nearest part of the 
meteorite fall. 

The relatively homogeneity of the mineralogy of fine fraction on the top of soil profiles, could be the results of 
weathering processes. The weathering product of clays and tills seems to be very similar to each other products of 
weathering of Mio - Pliocene as well as Pleistocene sediments. Thus the present mineralogy of tills fine fraction 
are depend of both: primary composition of fine fraction, and the minerals formed during development of former 
and contemporary soils profiles.

Research was supported by NCN Grant No 2013/09/B/ST10/01666. The authors are very grateful of students of Geology in Poznań, for their 
technical help. Many thanks also to M. Kubiak for XRD analyses. 
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The mineralogical and chemical composition of sediments results from numerous geological factors, including 
composition and weathering of the parent rock, supply rate, sorting during transport and deposition, and post-dep-
ositional weathering [1,4].

The purpose of the present study is to determine, on the basis of the mineralogical and chemical composition 
of the clays, paleoenvironmental conditions of the Mio-Pliocene Poznan Formation from deposits near Poznań 
(Witaszyce, Brzostów, Dymaczewo Stare, and Chodzież). Red and green clays have been studied. Fine fractions 
of the sediments consist of kaolinite, illite, smectite and mixed layered illite-smectite. In some samples halloysite 
also occurs and at the top of investigated profiles vermiculite-smectite type minerals were identified by XRD. The 
detrital and authigenic clay components were identified. Moreover, other secondary minerals (Fe - oxides and ox-
yhydroxides, gypsum and jarosite) and carbonate concretions were recognized in 3 separate levels, described as a 
sequence of several paleosols profiles [2,3,5]. 

The investigation included establishment of the distribution of clays in the Poznan Formation, their interrelation-
ships, and their behaviour during weathering. Other issues dealt with in the present work include the identification 
of the burrows occurring partly in studied sediments and their meaning for Critical Zone. Based on a comparison 
of the mineralogical and chemical compositions of surficial deposits, the impact of weathering processes on the 
composition of the Poznań clays was also investigated. 

All mineralogical and morphological features, the macro- and microstructures, biogenic burrows as well as the 
stratigraphic position of the investigated deposits suggest that the Poznań red clays owe their characteristics to 
pedogenesis.

Acknowledgements: this study was partly supported by a grant No 3PO4D00624 of the Polish Ministry of Science and Higher Education. The 
author is very grateful to M. Kubiak and M. Jankowiak for technical support.
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An earthquake induced rock shear through a KBS-3V deposition hole in a repository for spent nuclear fuel is an 
important scenario for the safety analysis since it may cause substantial damage to the canister hosting the spent 
fuel. Proper tools to simulate different shear scenarios and investigate the effects on the buffer and the canister are 
needed. This paper describes the laboratory tests conducted to develop a material model of the buffer to be used 
in the simulations [2], the material models that these tests have yielded and FEM simulations of three scale tests 
of a rock shear for comparison between modelled and measured results and validation of the material models and 
the calculation technique [1].

The laboratory study consisted of swelling pressure tests and tests to determine shear strength and stress-strain 
properties. The shear strength has been studied by conducting triaxial tests and unconfined compression tests on 
bentonite with different densities and at different shear rates. Shear rates between 0.1 mm/s and 4 m/s have been 
used for the latter tests.

The material model is elastic-plastic with a non-linear stress-strain relation. The model depends on the density of 
the bentonite buffer and is made a function of the strain rate. Three types of bentonites have been tested and the 
study also considers a reference case with MX-80Ca, i.e. MX-80 ion exchanged to Ca.

Three model shear tests of very high quality simulating a horizontal rock shear through a deposition hole in the 
centre of a canister with different shear rates were performed 1986. The tests simulated a deposition hole in the 
scale 1:10 with reference density of the buffer, very stiff confinement simulating the rock, and a solid bar of copper 
simulating the canister. The tests were very well documented. Shear force, shear rate, total stress in the bentonite, 
strain in the copper and the movement of the top of the simulated canister were measured continuously during the 
shear. After finished shear the equipment was dismantled and careful measurements and bentonite sampling were 
made. 

The tests have been modelled with the finite element code Abaqus with the same models and techniques that were 
used for the full scale cases in the Swedish safety assessment SR-Site. Two element models were used. In one of 
them the bentonite was divided into three parts with different densities according to the measurements made during 
dismantling and sampling. In the other one the same density, corresponding to the weighted mean value, was used 
for all bentonite in the test. The reason for using both these models was to investigate whether the simplification 
done in SR-Site, where only one density was modelled and thus no consideration was taken to the incomplete ho-
mogenisation that remains after water saturation and swelling, would affect the results significantly. 

The results show good agreement between modelled and measured results, in spite of the complexity of the models 
and the difficulties to measure stresses and strains under the very fast tests. In addition there was less than two per 
cent difference between the results of the simplified model with one density and the model with three densities. 
The modelling results of both models were thus found to agree well with the measurements, which validates the 
SR-Site modelling of the rock shear case. 

Acknowledgements: this work was supported by Swedish Nuclear Fuel and Waste Management Company (SKB). 
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(1) Department for Geology, Ghent University, Ghent, Belgium, (2) Department of Inorganic and Physical Chemistry, Ghent 
University, Ghent, Belgium, (3) Department of General Agricultural Sciences, University of Lubumbashi, Lubumbashi, 
D.R. Congo, (4) Department of Applied Biosciences, Ghent University, Ghent, Belgium, (5) Department of Geology and 
Mineralogy, Royal Museum for Central Africa, Tervuren, Belgium

We present physico-chemical, mineralogical and micromorphological observations for a 40 m deep profile taken 
beneath a termite mound (Macrotermes falciger) on talc-, chlorite- and mica-bearing parent materials in Lubum-
bashi (Haut-Katanga Province, D.R. Congo). Talc is a rarely reported constituent for soils, and very little informa-
tion can be found about its weathering behavior in these environments [1,2,3] (Harris et al., 1984; Pérez Rodríguez 
et al., 1996; Zelazny et al., 2002). Therefore, this profile presents a unique opportunity to not only assess the influ-
ence and depth of termite activity but also to better understand weathering of talc in the Critical Zone.

The profile was described visually allowing for a first rough delineation of units which was used to make an initial 
sampling and characterisation. Two intervals at different depths were selected for a more detailed and fine-grained 
analysis (including X-ray diffraction and high-resolution TEM) providing a comparative, detailed view on weath-
ered and relatively unweathered materials.

The soil that constitutes the upper part of the profile is classified as Plinthic Ferric Rhodic Luvisol. It shows mi-
cromorphological and other characteristics that are similar to those of Ferralsols, but is enriched in carbonates. 
Unlike chlorite and mica, talc shows no signs of mixed-layer formation, and HR-TEM imaging revealed that talc 
found at the top of the profile is nearly identical to talc found at greater depths. Combined micromophological and 
mineralogical observations indicate termite activity occurs up to a depth of 8 m. 

[1] Harris, W.G., Zelazny, L.W., and Baker, J.C. (1984). Depth and particle size distributions of talc in a Virginia Piedmont Ultisol. Clays and 
Clay Minerals, 32, 227-230.

[2] Pérez Rodríguez, J.L., Maqueda Porras, C., Rodríguez-Rubio, P., and Jiménez de Haro, M. del C. (1996). Occurrence of talc in soils with 
high iron content from the south-west of Spain. Australian Journal of Soil Research 34, 635-651.

[3] Zelazny, L.W., Pamela J.T., and Lawrence, C.L. (2002). ‘Pyrophyllite-Talc Minerals.’ In Soil Mineralogy with Environmental Applica-
tions, edited by JB Dixon, DG Schulze, James E Amonette, Darrell G Schultz, William F Bleam, and Joe B Dixon, 415-430. SSSA Book 
Series 7. Madison, WI, USA: Soil Science Society of America.
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STUDY OF THE FEASIBILITY OF ALKALI ACTIVATED MATERIALS 
BASED ON THE COX ARGILLITE, WITH OR WITHOUT THERMAL 
TREATMENT

ameni GHarzouni (1), Colin dupuy (2)*, isabel sobrados (3), natHalie texier mandoki (2), xavier 
bourbon (2), sylvie rossiGnol (1)
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French National Agency for the radioactive wastes (Andra) will excavates millions tons of COx argillite during 
the digging of the storage facility. Actually, there is no viable solution to revalue the argillite, which is referred as 
waste. The aim of this study is to use this argillite to elaborate alkali-activated materials. The first step is a thermal 
treatment of the COx argillite. Two calcination processes, flash and furnace, are used with different temperatures. 
Then, the COx argillite is activated with sodium and potassium silicate solutions. Then, samples are characterized 
with several methods (XRD, NMR …). Both calcinations involve structural transformations and then different 
reactivity. These differences are mainly related to the amorphous rate and the aluminium coordination number. In-
deed, raw argillite does not have enough AlIV and calcination is required to obtain sufficiently tetrahedral alumina. 
It is shown that is possible to elaborate alkali-activated materials with 100% of calcined COx argillite (flash and 
furnace) and with a mixture of 50% raw argillite and calcined argillite. For these activations, sodium and potassium 
silicate solutions can be used. Most of the samples present sufficient compressive strength, a structural change of 
the silicon connectivity and they can resist to water. Future studies will concern optimization of the formulations 
in the aim to adapt the reactive mixtures for specific uses in the storage facility.
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DISTINCTIVE DIFFUSION REGIMES OF ORGANIC MOLECULES IN 
CLAYS: (DE)COUPLED MOTION WITH WATER

eduardo duque-redondo*, HeGoi manzano, iñiGo lópez-arbeloa 
Molecular Spectroscopy Laboratory, University of the Basque Country UPV/EHU, Apartado 644, Bilbao, Spain 

Clays provide a confining medium where the mobility of the species located in their interlaminar spaces is gener-
ally lowered. This is due to both geometrical effects and interactions with the confining clay surfaces, especially 
when they are charged. Swelling clays are considered excellent materials to immobilize mobile contaminants, 
including toxic hydrophobic organic compounds [1], CO2 [2], radioactive wastes [3], or ions [4], preventing their 
release into the environment. Clays also provides thermal, chemical and mechanical stability to the guest mole-
cules. In photoactive molecules, such as dyes, may induce to an enhancement of the photophysical properties [5].

In order to understand diffusion mechanism of organic molecules located in the interlaminar spaces of clays, we 
have employed molecular dynamics simulations (MD). We develop host-guest hybrid materials based on Laponite 
and saponite to evaluate the effect of charge distribution in the clay structure, since the octahedral layer is charged 
in the former, whereas in the latter the tetrahedral is the charged one. We considered different organic molecules: 
polycyclic aromatic hydrocarbons such as benzo (a) pyrene, a common cigarette smoke carcinogen; surfactants 
with different charges and chain lengths, and dyes often employed in optical devices. We studied the diffusion 
properties with increasing water content, from 2.68% to 18.02% by mass. As the water content increase, the struc-
ture of the water molecules is transformed from a monolayer at low content to a bilayer at higher contents. 

Despite the different nature of the retained species, their diffusion coefficients show two clear tendencies: slightly 
increase when a water monolayer is present and a sharp increase when water bilayer is arrayed. To determine the 
origin of this behaviour we have studied the motion of the species dissolved in the interlayer spaces. The results 
show that the motion of different species is coupled at low water concentration, whereas this motion is decoupled 
at higher water contents, increasing the freedom of the species and enabling higher diffusivity.

[1] Sánchez-Martín M.J., Dorado M.C., Del Hoyo C., Rodríguez-Cruz M.S. (2008). Influence of clay mineral structure and surfactant nature 
on the adsorption capacity of surfactants by clays. J. Hazard. Mater. 150 (1), 115-123.

[2] Michels L., Fossum J.O., Rozynek Z., Hemmen H., Rustenberg K., Sobas P.A., Kalantzopoulos G.N., Knudsen K.D., Janek M., Plivelic 
T.S. (2015). Intercalation and retention of carbon dioxide in a smectite clay promoted by interlayer cations. Sci. Rep., 5, 8775.

[3] Pusch R. (1992). Use of bentonite for isolation of radioactive waste products. Clay Min. 27 (3), 353-361.
[4] García-Gutiérrez M., Missana T., Benedicto A., Ayora C., DePourcq K. (2014). Experimental adsorption studies on different materials 

selected for developing a permeable reactive barrier for radiocesium retention. In MRS Proceedings; Cambridge Univ. Press, 1665, 117-
122.

[5] Epelde-Elezcano N., Duque-Redondo E., Martínez-Martínez V., Manzano H., López-Arbeloa I. (2014). Preparation, photophysical char-
acterization, and modeling of LDS722/Laponite 2D-ordered hybrid films. Langmuir 30 (33), 10112-10117.
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THE EFFICACY OF TWO TYPES OF FILTRATION BED MATERIALS 
BASED ON MODIFIED CLAY FOR WATER DECONTAMINATION

esperanza durán (1)*, salvador bueno (2), beatriz Gámiz (1), m. Carmen Hermosín (1)
(1) Instituto de Recursos Naturales y Agrobiología, Avda. Reina Mercedes nº10, 41012, Seville, Spain, 
(2) Centro Tecnológico Innovarcilla, Calle los Alamillos, nº 25, 23710, Bailén, (Jaén), Spain 
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The presence of pollutants in surface and groundwater has increased due to the anthropogenic activities. Most of 
the decontamination techniques available are costly and time consuming, hence, to remove toxic compounds from 
the environments rapidly, efficiently and within reasonable costs is encouraged. The interest in clay minerals has 
grown as the development of nanoscience and nanotechnology has progressed. Due to their nano-sized layers and 
their customizable surfaces, they have been proposed as adsorbents to remove pollutants from water [1]. However, 
the morphological properties of clay need to be optimized to facilitate their industrial application as a component 
of filters for water decontamination. In this regard, the use of inert binder or support to increase the particle size 
of powder clay is required. The objective of this work was to prepare two types of filtering bed based on modified 
clays, obtained from a low value clay material, and compare their behavior to be used for water decontamination.

The adsorbent materials were prepared by the modification of a low value clay (CTI, smectite content, 30%) locat-
ed in Bailén (Jaen, Spain) by saturation with Fe+3 (CTI-Fe) and hexadecyltrimethylammonium (CTI-HDTMA). A 
commercial organo-clay, Cloisite 10A (Clo10A, from BKG) was also used for comparison. These lected pollutants 
were three pesticides terbuthylazine, tebuconazole and MCPA, as representative compounds due to theirmarkedly 
different properties. Two types of filtering beds were prepared: clay-pellets (P) and anthracite-immobilized powder 
clay (AIC). The pellets (P) were made using carnauba wax (30% wt)as binder to granulated powder modified-clays 
through a ram extruderaftermixingat 90ºC; those pellets were mixed with anthracite at rate of 40% for the bed 
filter. The anthraciteimmobilized powder clays (AIC)were prepared by mixing the modified clays with carnauba 
wax and anthracite (14%/ 7%/78% wt) at 90 ºC. Anthracite was used in both cases to avoid clay losses and helps to 
increase the bed porosity improving the water flow. An adsorption experiment was performed to compare the be-
havior of the both filtering beds prepared by placing either P or AIC in a 40 L- water tank containing a solution with 
the three pesticides at initial concentration of 1 mg/L. The water flow was maintained constant through the closed 
system at 30 ml/min to obtain pressures of 1 bar. The adsorption kinetics was followed by sampling at selected 
times (15 min, 30 min, 1 h, 2 h, 4 h, 6 h, 8 h, 24 h) to determine the aqueous concentration of pesticides by HPLC.

The results revealed that the organic modified clays, Clo10A and CTI-HDTMA, were more effective than CTI-Fe 
for removing the pesticides in P filtering bed, with adsorption ranging between 60-100% and 40-100%, respec-
tively. This fact contrasted with the adsorption reached by the inorganic modified clay pellets, where CTI-Fe was 
able to adsorb only between (15-40%). Similar trend was obtained in AIC, the organoclays also displayed greater 
adsorption towards the pesticides (60-100%) after 24h in comparison to CTI-Fe (20-80%). When assessing both 
types of bed, even AIC performed better than the P in terms of adsorption. This fact can be consequence of the 
greater amount of anthracitein AIC which facilitates the interaction between organoclays and pesticides in water 
by increasing the surface of modified clay exposed, as it has been observed in AIC by scanning electron microsco-
py (SEM) [2]. Additionally, anthracite also contributed itself (10-20%) to the adsorption of the pesticides. These 
results indicate that the organic clays (Clo10A and CTI-HDTMA) resulted in more efficient filtering materials (P 
and AIC forms) to remove the three pesticides from water, as compared with the inorganic Fe-clay (CTI-Fe). The 
anthracite immobilized clays are more efficient as final form forfiltering bed material.

Acknowledgments: project financed by Junta de Andalucia (PO11-AGR 7400) and by MINECO through the CSIC-contract RECUPERA 2020.

[1] Hermosín M.C., Real M., Cornejo J., Cox L., Celis R. (2014). Ensayos preliminares para el empleo de arcillas como material filtrante de 
aguas contaminadas con pesticidas del olivar Macla nº18, 70-72. 

[2] Hermosín M.C., Real M., Durán E., Bueno S., Cox L., Celis R., Cornejo J. (2015). Comparing a modified low-value clay with commercial 
samples to remove pesticides from water. Euroclay2015.Edimburgo (Reino Unido). p. 228.
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CAESIUM RETENTION IN SWELLING CLAY MINERALS: INFLUENCE 
OF LAYER CHARGE AND HYDROXY-INTERLAYERING
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Long-term soil pollution by radionuclides is one of the main problems after nuclear power plant accidents such 
as in Chernobyl and in Fukushima. To elaborate adequate remediation strategies for the contaminated sites, it 
is important to be able to predict the fate of pollutants such as 137Cs in soil environments. Among various soil 
components swelling clay minerals are highly reactive and interact strongly with caesium. Soil swelling clay 
minerals displaya wide range of isomorphic substitutions in octahedral and/or tetrahedral sheet leading to sig-
nificant differences in overall layer charge. Thus, in soils one can commonly find a wide range of layer charges 
ranging from low-charge (smectites) to high-charge (vermiculites) swelling clay minerals. Moreover, in acidic 
soil environments, such as in Fukushima area, these swelling clay minerals are subjected to weathering processes, 
resulting in the formation of hydroxy-interlayered minerals. The implications of both layer charge and presence 
of hydroxy-interlayerson Cs+ mobility in soils remain difficult to predict due to the mixture of these minerals with 
other clay minerals and organic matter.

In this study, a series of synthetic saponites with well-defined layer charge and weathered vermiculite with known 
chemical composition were used. Regarding the influence of layer charge, combination of structure analysis and 
Cs+ extractabilitymeasurements (with 1M CH3COONH4) shows that the fraction of highly exchangeable Cs+de-
creases gradually for swelling clay minerals with layer charge of 0.7 per O10(OH)2 and higher. Quantitative struc-
ture analysis suggests that the amount of highly exchangeable Cs+ can be related to a structure having one or two 
layers of water in the interlayer, while the fixed Cs+ in these conditions corresponds to the amount of collapsed 
layers (zero layers of water in the interlayer). The proportion of collapsed layers increases with increasing layer 
charge. However, when hydroxy-interlayers are present in high-charge swelling clay minerals (vermiculite) Cs+ 
cannot anymore be considered as fixed. In the case of weathered vermiculite, the formation of hydroxy-interlayers 
is accompanied by an increase in Cs+exchangeability. Cs+ in unaltered vermiculite layers is poorly exchangeable, 
while the extractability of Cs+ is greatly enhanced in layers with hydroxy-interlayer aluminium.

The overall reactivity (cation exchange capacity, Cs+ mobility) is then governed in both cases by the relative 
abundance of collapsed and non-collapsed layers. For saponite, collapsed layers are found to coexist with hydrated 
Cs+-saturated layers, whereas for vermiculite, the overall reactivity is governed by the relative proportion between 
altered and non-altered layers. The proposed layer model for which two populations of caesium coexist could be 
useful for predicting the fate of caesium in contaminated soil environments.
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DEVELOPMENT OF CLAY-BASED FILMS WITH HIGH GAS BARRIER 
PROPERTIES
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Sendai, 983-8551, Japan

Phyllosilicate (clay) has been used as a filler to improve thermal stability and gas barrier property of plastic films. 
Clay is heat-resistant, and it is superior at resistively for chemicals, and can be supplied at reasonable cost. How-
ever, there has been a few film-preparation-trial using clays as a main component. The thermal stability and the gas 
barrier performance could be improved drastically if the layered clay crystals are highly ordered parallel to the film 
surface. An organic polymer is added as a binder, which improves the toughness of the film and has the effect of 
filling the pinholes lower the gas barrier property of the film. The films are obtained by coating and drying a paste 
composed of the clay, the binder and the solvent. These clay-based-films (CBF) are heat-resistant, and they have 
a high gas barrier property against various gases such as hydrogen, water vapor, and oxygen in the wide range of 
temperatures. The coefficient of thermal expansion is smaller than 10 ppm/K in the wide range of temperature. 
Moreover, a transparent film can be prepared using synthetic clay which doesn’t contain colored impurities. 

We actively conduct developments of composite materials using this technology to contribute to the realization 
of a sustainable society. The application products are wide-ranging such as, solar cell back sheet, hydrogen tank, 
gaskets, water vapor barrier film for displays, substrate for printable electronics, thermal insulation film, and so 
on. Latest achievements and future prospects based on academia-government agencies-industry collaborations 
will be introduced.
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SYNTHESIS OF LAYERED PEROVSKITE-TYPE NIOBATES DOPED WITH 
MAGNETIC ELEMENTS AND THEIR DELAMINATION INTO 2D OXIDE 
NANOSHEETS
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Layered materials, e.g., clays, layered metal oxides, chalcogenides, hydroxides, can be delaminated into molec-
ularly thin 2D materials, or nanosheets. They have attracted significant attention because they often exhibit new 
or enhanced physical properties based on their unique 2D structure. We have reported that a series of 2D oxide 
nanosheets with a progressively varied thickness were derived from a homologous family of layered perovskite 
niobates, KNan-3Ca2NbnO3n+1 (n = 3-6), through soft-chemical delamination processes [1]. In this work, we applied 
this synthetic strategy, or “solid-state templating method”, to produce new homologous compounds, ACa2MN-
b3TiO13 (A = K or Rb), doped with magnetic elements, e.g, M = Mn, Fe, Co and Ni. Then the obtained compounds 
were exfoliated into new perovskite-type oxide nanosheets.

A stoichiometric mixture of the layered perovskite, ACa2Nb3O10 (A = K or Rb), and ilmenite-type oxide, MTiO3 (M 
= Mn, Fe, Co and Ni), was heated at 1373 K. XRD data indicates the expansion of a basal spacing by ca. 0.4 nm, 
corresponding to the height of NbO6 or TiO6 octahedron. In addition, chemical analysis results were consistent with 
the target stoichiometry, indicating the successful formation of ACa2MNb3TiO13, as the n = 4 member of homolo-
gous series of layered perovskites. Actually the Rietveld refinement of RbCa2MnNb3TiO13 confirmed the layered 
perovskite structure having a host slab of n = 4. The obtained samples were converted into H+-exchange forms, 
HCa2MNb3TiO13, upon treatment with a 5 M HNO3 solution, which were further reacted with an aqueous solution 
containing tetrabutylammonium ions. A turbid colloidal suspension was obtained. AFM observation after trans-
ferring the floating nanosheets by Langmuir-Blodgett method onto a Si substrate detected micrometer-sized 2D 
objects with a uniform thickness of ca. 2.1 nm, strongly suggesting the delamination into unilamellar nanosheets. 
In-plane and out-of-plane XRD data further support the full exfoliation of the layered perovskite compounds. 
These results indicate that new perovskite-type 2D nanosheets doped with magnetic elements can be obtained. 

[1] Ebina Y., Akatsuka K., Fukuda K., Sasaki T. (2012). Synthesis and in situ X-ray diffraction characterization of two-dimensional per-
ovskite-type oxide colloids with a controlled molecular thickness. Chem. Mater. 24, 4201-4208.
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MINERALOGICAL AND GEOCHEMICAL CHARACTERIZATION OF 
ARCHAEOLOGICAL CERAMIC FROM EL BADI PALACE, MOROCCO
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Historical monuments are tangible witnesses to the evolution of civilizations over time. Because of their historical, 
artistic and architectural interest, the management of historical heritage has become a priority in several countries. 
In Morocco, among the most fascinating historical sites, the El Badi Palace in Marrakech, declared World Heritage 
Site by the UNESCO in 1985, shows the beauty and perfection of Moroccan architecture of the Saadian dynasty 
(1554 to 1659), mosaic and ceramic used to decorate the building constitute one of the key elements of this excit-
ing architecture. However, this building has now reached advanced deterioration phase and ceramic materials are 
increasingly weakened due to human impact over time. Several restoration attempts have been undertaken, but 
without success. In fact, traditional restoration methods that do not take into account the chemical and mineralog-
ical characteristics of the raw materials are still practiced.

In this context, this study consists of characterizing the various types of ceramics used in the construction and dec-
oration of the El Badi Palace. Three types of ceramics including decorative ceramics (zellige), brick masonry and 
ceramics from irrigation channelwere identified. Textural, mineralogical and chemical characterization of these 
ceramics has been investigated, in order to identify the appropriate materials and the development of a specific 
approach to the restoration, maintenance and enhancement of the ceramics of El Badi Palace. The methodology 
includes experimental data on different ceramic shreds and glazes (Cathodoluminescence, optical microscopy, 
SEM, XRD and XRF) as well as firing tests. 

The obtained results show that the calcareous clay raw material was used to manufacture these three types of ce-
ramics. For the zellige, the used clay material comes from the region of Fez (Benjellikh site), whereas for bricks 
and irrigation channel, the raw clay material was collected in the Marrakech area. The firing temperature was dif-
ferent for these three types of ceramics; zellige and irrigation canal ceramics were fired at a maximum temperature 
of 700 °C in oxidizing atmosphere, while bricks were fired at 900 °C. Several observations of zellige samples indi-
cate that the glaze mixture has been previously applied to the fired clay shards and then a second firing was applied. 
Subsequently, the pieces were carved into small pieces like puzzles. This technique is still used by the artisans in 
the site of Fez, i.e. the main center of production of the zellige in Morocco. The zellige pieces used in the construc-
tion of the Palace El Badi are therefore either imported from Fez or manufactured locally in Marrakech according 
to the current standards and procedures in Fez. The low firing temperature for zellige facilitates the pieces cutting 
but it is responsible for their poor quality due to absence of the vitreous phases.

Keywords: archaeological ceramics, raw materials, characterization, manufacturing process, El Badi Palace, Morocco.
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The clay reference samples are suggested as standards for archaeological pottery studies because their chemical 
composition and the mineralogy of fired clays are more like those of the artefacts. Such samples may provide a 
basis for correlating archaeological studies throughout the Mediterranean. This study focuses on the characteristic 
and the evaluation of the clayey raw materials from the main Moroccan traditional pottery centers. The objective is 
to establish reference samples that will help in the sourcing investigations for archeological ceramics in the west-
ern Mediterranean regions as well as in the choice of the appropriate materials for restoration of historical monu-
ments. For this context, physical, chemical (X-ray fluorescence, XRF), mineralogical (X-ray diffraction, XRD) on 
bulk and clay fraction (<2 µm), grain-size distribution, plasticity index (PI), plasticity limit (PL) and liquid limit 
(LL) were performed on the clay-rich materials from the main rural pottery center which is specific to the northern 
regions (Oued Laou in northern east) and the city pottery sites which are the most common in Morocco (Meknes 
and Fez in northern east, Safi in centre west). Samples have been prepared by shaping and fired in the range of 
500 - 1100 °C, then bulk water absorption capacity (WAC), loss on weight and mineralogical transformations were 
determined with the aim of evaluating the technological properties.

For the most of the sites, highly plastic clays were mainly composed of illite, smectite, kaolinite and mixed-layer 
clay minerals. Quartz, calcite, dolomite and feldspars were also detected. However, the rural pottery site (Oued 
Laou) indicates moderate to high plastic clays, comprising illite, kaolinite, muscovite, quartz and feldspars. Chem-
ical composition of the samples indicates that the main oxide compositions were SiO2 (41.0 -51.1%), Al2O3 (10.1 
- 28.3%), CaO (0 - 34%) and Fe2O3 (4 - 11.7%) whereas other oxides were present only in small quantities.

Fired clays exhibited wide differences in water absorption capacity decreasing from 17 - 22% to 6 - 8% for 800 
and 1100 °C, respectively. A sharp decrease in WAC values occurred from 800 and 1000 °C for Fez bodies due to 
glassy phase formation. All technological properties exhibit significant densification at temperatures from 1100 °C. 
The transformed mineralogical phases allow confirming densification with the appearance of Ca-sillicates (diop-
side) and spinel for the most fired clays, while spinel and mullite for the non-calcareous rural pottery. Formulations 
are necessary to enhance the workability of some plastic clay mainly for Meknes and Oued Laou raw materials.
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AMIK LAKE LEVEL FLUCTUATIONS DURING THE LAST 4000 YEARS 
(SOUTHERN TURKEY): HUMAN-CLIMATE INTERACTIONS

meraim el ouaHabi (1)*, aurélia Hubert-ferrari (2), jaCqueline vander auWera (3), Gilles 
lepoint (4), volkan karabaCak (5), sabine sCHmidt (6), natHalie faGel (1)
(1) University of Liège, Department of Geology, U. R. Argiles, Géochimie et Environnements, Liège, Belgium, (2) 
University of Liège, Department of Geography, Liège, Belgium, (3) University of Liège, Department of Geology, Pétrologie, 
géochimie endogènes et pétrophysique, Liège, Belgium, (4) University of Liège, Département des Sciences et Gestion de 
l’Environnement, Liège, Belgium, (5) Eskisehir Osmangazi University, Department of Geological Engineering, Eskisehir, 
Turkey, (6) Departement of Geology and Oceanography, UMR5805 EPOC, University of Bordeaux 1, Talence Cedex, France

Within a Mediterranean context, the study investigates the upper sediments infilling the central part of the Amik 
basin in southern Turkey. Continuous human occupation is attested in the Amik Basin since 6000-7000 BC. The 
Basin also is crossed by The Dead Sea Fault (DSF), a major neotectonic structure in the Middle East extending 
from the Red Sea in the south to the East Anatolian Fault Zone in the north. The study focuses on the sedimentary 
record of the Amik Lake occupying the central part of the Basin. Our objective is to constrain major paleo-envi-
ronmental changes in the area over the last 4000 years and assess possible human impact. 

The lake has been drained and progressively dried up since the mid-50s so that it is not watered during the summer 
season and constitutes a unique opportunity to collect sediment records. Sediments were collected at 1 cm to 2 cm 
intervals in a trench and in cores up to a depth of 5 meters in the clay deposits. A diverse array of complementary 
methods is applied to study the records: magnetic susceptibility, grain size, organic matter and inorganic carbon 
(L.O.I), XRF geochemistry, mineralogy, carbon and geochemistry. The age of the record is constrained combining 
radionuclide and radiocarbon dating. The sedimentary record clearly shows two periods indicating strong soil ero-
sion in the Lake catchment. The most recent erosion phase is Roman to modern period. The oldest one would have 
occurred during late Bronze period. Furthermore, several structural disturbances was affected the lake sediments 
and tell settlement related to earthquake shaking events, with major earthquakes from the 6th to the 9th century 
AD due to the Hasipasa Fault rupture. 

Significant pedogenesis transformations are evidenced, especially during the Islamic/Ottoman periods suggesting 
intense chemical weathering conditions related to climate change. Fluctuations in water level of the Amik Lake 
occurred. In particular, an increase in potassium represents a lake development phase associated with a wet phase, 
it’s would be due to overflow of the Orontes River which deposits of clays. By contrast, increased calcium and 
strontium corresponds to a low lacustrine level and a drier period. Lowstand with little external occurred during 
the Bronze and Iron/Hellenistic Age indicated by the high SrO percentage and small amount of clay size particle.

Keywords: Climate, Weathering conditions, Land erosion, Clay mineralogy, Lake sediment, Last millenia. 
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INVESTIGATION OF USE OF COAL FLY ASH IN ECO-FRIENDLY 
CONSTRUCTION MATERIALS

dolores eliCHe-quesada (1), juan antonio sandalio-pérez (1), serGio martínez-martínez (1)*, 
luis pérez-villarejo (1), pedro josé sánCHez-soto (2)
(1) Department of Chemical, Environmental, and Materials Engineering. University of Jaen, Campus Las Lagunillas, s/n, 
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(CSIC)-University of Sevilla, c/Américo Vespucio, 49, 41092 Sevilla, Spain

Sustainable use and disposal of industrial wastes could help to reduce their negative effects on the environment. 
The thermoelectric power plants in Spain generate more than 9.5 million tons per year, of which only 20% is used 
for different applications [1]. A significant quantity of the coal fly ash, mixed with heavy metals and toxins [2], is 
currently stored in landfills and ash lagoons, thus, can result a risk to the surrounding environment causing signif-
icant environmental impacts. 

A considerable effort is being made worldwide on the reuse of coal combustion fly ashes as a source of alternative 
raw materials to produce new materials such as cement, concrete, zeolites, glass-ceramics, adsorbents for cleaning 
of flue gas, lightweight aggregate, road subbase, and clay bricks [3].

On the other hand, fly ash is pozzolanic thus its vitreous phase can react with lime to form hydration products 
that contribute to the development of the mechanical resistances in cementitious systems. The lime manufacturing 
process produces large CO2 emissions due to its chemical transformation and the amount of energy required for 
incineration at high temperatures. 

In this work is investigated the use of coal fly ash as raw material for the manufacture of two construction ma-
terials: fired clay bricks and silico-calcareous bricks. Fired clay bricks were manufactured using different waste 
ratios (0-50%), moulded at 10 MPa and fired at 1000 ºC (4 h). Silico-calcareous bricks were prepared using as raw 
material two wastes: coal fly ash (CFA) and “geosilex”(G), a lime which comes entirely from acetylene industry 
waste. Different proportions coal fly ash (80-20 wt%) - geosilex (20-80 wt%) were investigated. Raw materials 
were moulded at 10 MPa and cured in water 28 days. Some physical, mechanical and environmental properties 
of -CFA-clay bricks and CFA-Geosilex bricks were studied following standard procedures. The results indicate 
that the incorporation of up to 20 wt% of CFA produced fired clay bricks with physical and mechanical properties 
similar to control bricks without waste. However, additions of a higher residue amount (30-50 wt%) resulted in a 
more pronounced decrease in mechanical properties (between 25-50%) due to the increase in open porosity.

The technological characterization of the silico-calcareous bricks indicated that as the coal fly ash content decreas-
es, the bulk density and water absorption are reduced. Silico-calcareous bricks containing between 40-60 wt% of 
coal fly ash have the highest values of compressive strength (between 45.8-42.8 MPa). These silico-calcareous 
bricks, 60CFA-40 G, 50CFA-50 G and 40CFA-60 GC, presented the optimum amount of pozzolanic materials 
(SiO2 and Al2O3) present in the coal fly ash and calcium hydroxide present in the geosilex to give rise to calcium 
silicate hydrates and calcium aluminate hydrates, responsible for the mechanical resistance of the construction 
materials.

Therefore, CFA-clay bricks and silico-calcareous CFA-G bricks presented optimal technological properties that 
meet the quality standards.

[1] ECOBA (European Association for use of the By-products of Coal-Fired Power Stations), (2017). http://www.ecoba.com.
[2] Kloseoglu K., Polat M., Polat H. (2010). Encapsulating fly ash and acidic process waste water in brick structure. Journal of Hazardous 

Material, 176 (1-3) pp. 957-964.
[3] Ahmaruzzaman M. (2010). A review on the utilization of fly ash. Progress in Energy and Combustion Science, 36, pp. 327-363.
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CLAY MINERALS FROM MICRO TO NANO-SIZE: THEIR ROLE IN 
IMPROVING DRILLING FLUID RHEOLOGY FOR HIGH-PRESSURE 
HIGH TEMPERATURE WELLS

saLahELdin ELkatatny (1), Fahd aLakBari (1), mohammad mahmoud (1), rEyad shawaBkEh (2), 
ibnelWaleed Hussein* (3)
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Processing Center, College of Engineering, Qatar University, PO Box 2713, Doha, Qatar

Gel strength property plays a key role in drilling multilateral and long horizontal reservoir sections. Losing the gel 
strength will accumulate drilled cuttings and as a result, sticking of the drill string. Solving this issue takes long 
time and increase the total cost of the drilling operations. It was observed that, by increasing the temperature to 200 
°F, the gel strength of calcium carbonate water-based drilling fluid reached zero lb/100 ft2.

The objectives of this paper are to: (1) assess the effect of using clays (bentonite and nano-clay) to solve the gel 
strength problem associated with the current field formulation of calcium carbonate water-based drilling fluids, (2) 
optimize the weight percent of clays, (3) evaluate the stability of the drilling fluid constituents using zeta potential 
measurements, (4) determine the rheological properties of calcium carbonate water-based drilling fluid over a 
wide range of temperature (80 to 200 °F), and (5) evaluate the removal efficiency and the possibility of formation 
damage after adding clays to the drilling fluid formulation.

Zeta potential results showed that calcium carbonate was not stable over a wide range of pH while clay (bentonite) 
was stable over a wide range of pH (4 to 12). This can be attributed to the low electronegativity values of the ele-
mental composition of bentonite. Rheological properties confirmed that the gel strength of the calcium carbonate 
water-based drilling fluid reached zero lb/100 ft2 by increasing the temperature to 200 °F. This issue was solved 
by adding different concentration of bentonite. The optimum concentration of bentonite was 6.66 wt.%, which 
yielded a flat rheology profile of the gel strength. The filtrate volume decreased by 40% and the filter cake thick-
ness decreased by 60%when bentonite was used. These results confirmed that the rheological properties of the 
water-based drilling fluid were optimized by using clays (bentonite). 

The novelty of this research is the complete investigation of the drilling fluid properties especially the gel strength 
with time over a wide range of temperature. Development of a cheap solution without any side effect problems. 
Relating the electronegativity with zeta potential and XRD analysis to understand the stability of different com-
ponents.
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SYNTHESIS OF METAL(LOID)S-BEARING PHYLLOSILICATES PHASES: 
A WAY TO BETTER ASSESS HEALTH RISKS FROM POLLUTED SITES

monneron-Gyurits mattHias*, joussein emmanuel, soubrand marilyne, Courtin-nomade 
aLExandra

Université de Limoges, GRESE “Groupement de Recherche Eau Sol Environnement”, Limoges, France

Soil contamination is mainly caused by the presence of human-made contaminants from industrial and mining 
activities, agriculture, or improper disposal of wastes. The most common and problematic contamination involves 
metals and metalloids from mining wastes. The concern over soil contamination stems primarily from their po-
tential health risks to humans. Human health risks linked tocontaminated soils depend on the feasibilityforthe 
contaminant to be extracted from the soil to eventually reach the human bloodstream [1]. Classically, the main 
approach concernsthe oral/ingestion pathway, namely bioaccessibility, which is based onto an operational chem-
ical methodology miming the systemic circulation of the human body through oral ingestion of soil particles 
and finally causing toxic effects. However, this approach presents some methodological problems. Indeed, it is 
difficult to evaluate (i) the reactivity of each bearing phases in the case of a multi-element contamination and (ii) 
the most realistic potential risk due to the lack of physicochemical data of these specific “endemic” phases. Since 
polluted soil system is complex, it seems necessary to simplify it to better understand the associatedhealth risks 
of each bearing phases. For this purpose, it has been proposed to synthesize, at temperature up to 200 °C, some 
representative metal-bearing phases to assess their reactivity in supergene context. In this paper, we focus on (i) 
two phyllosilicates i.e., chapmanite, a 1:1 layers (ideal formula Si2O8(OH)Fe3+

2Sb3+) as well as a 2:1 layer structure 
namely sauconite (ideal formula Zn3(Si,Al)4O10(OH)2), and two others phases (ii) franklinite (ideal formula Zn-
Fe3+

2O4) and beudantite (ideal formula PbFe3(As,SbO4)(SO4)(OH)6). Each synthesized product was characterized 
by XRD, XRF, FTIR, Raman and SEM-EDS, and the synthesis protocols were all adjusted. Then, the synthetic 
phases (similar grain size) were subjected to the bioaccessibility BARGE protocol (i.e., gastric fluid mimic, 37 
°C) to assess the metal(loid)s geochemical behaviour. The results were compared to the stability of bearing phases 
obtained from physicochemical tests from 1 to 12 pH unit values so that the behaviour at every environmental 
supergene (as well organism one) condition can be evaluated. The discussion will focus on the metal(loid)s behav-
iour as well as the reactivity and stability of each phase in terms of health risks, and eventually the management 
of polluted sites and soils.

[1] Cave M. (2012). Bioaccessibility of potentially harmful soil elements. Environmental Science 26-29.
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MINERALOGICAL SEQUENCE OF Zn-RICH MINERALS IN AIN 
KHAMOUDA KARSTIC SYSTEM: EVIDENCE OF FRAIPONTITE 
NEOFORMATION
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(1), lajmi amira (1,2), meHdioub mounir (2)
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The miocene karstic system of Aïn Khamouda (central Tunisia) was known as a Pb-Zn deposit which was exploited 
during the 20th century. This depositis a carbonate-hosted zinc deposit and often exhibits as much Fe oxides as Zn 
mineral phases such as hemimorphite and smithsonite as well as phyllosilicate fraipontite mixed with halloysite. 
Actually, the nature and the origin of zinc-based clays are poorly understood. Fraipontite is a 1:1 clay mineral with 
the ideal formula (Zn,Al)3(Si,Al)2O5(OH)4. It was shown that Al was able to occupy both the octahedral and tetra-
hedral positions in this phase. The aim of this study is to characterize the neoformed minerals in the karstic system 
through the mineralogical sequence of alteration of each Zn-phases taking into account neoformed clay minerals 
i.e., fraipontite and halloysite. Chemical analyses of bulk samples were performed by XRF. Then clay fraction was 
separated according to the Stokes law. Each sample (bulk and after fractionation) was characterized by XRD (bulk 
powder and oriented tiles), FTIR, Raman and SEM-EDS. The rare trioctahedral 1:1 Zn clay mineral fraipontite 
was identified with minor amounts of halloysite, quartz, micas, hemimorphite, smithonite, goethite and hematite. 
Some traces of sauconite is observed in this more common supergene Zn minerals. The FTIR spectra of fraipontite 
as well as EDX analyses are quite similar to those reported in the literature. Together with XRD results, it seems 
that zinc is mainly located within the octahedral sheets. Halloysite occurs as spheroidal and tubular morphologies. 
These results support the partial dissolution of hemimorphite leading to release of Si and Zn and then the interac-
tion between phases promoted the formation of Zn-rich clays as well halloysite thanks to meteoric fluids. Finally, 
the sequence will be discussed in terms of Zn-clay stability and neoformation.
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EFFECT OF LAYER CHARGE ON HYDRATION, WATER CONTENT, 
DEHYDRATION TEMPERATURE AND SWELLING PRESSURE OF 
DIOCTAHEDRAL SMECTITES
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The deep geological disposal of radioactive waste is internationally agreed the safest option. Most repository 
concepts consist of a multi-barrier system that comprises an engineered barrier of bentonite. Still, open questions 
remain with respect to observed heterogeneity in swelling behaviour of bentonite and prediction of swelling pres-
sure. The present study focuses on heterogeneous hydration and swelling of dioctahedral smectites, which are the 
main component of bentonites. 

The amplified water uptake and retention by swellable clay minerals results from hydration of interlayer cations. 
Swelling of compacted bentonites in a confined space induces swelling pressures up to several MPa. Thereby, the 
water binding mechanisms are complex due to structural heterogeneity of smectites and are determined by layer 
charge density and location of substitutions. Several experimental studies deal with the water uptake of smectites 
[1] and heating conditions for full dehydration or swelling pressure in dependence of dry density [2]. Nevertheless, 
there is a lack in quantitative understanding of stable hydration states in dependence of layer charge covering the 
full range from (0.125) 0.2 and 0.6 cmol(+)/fu and the related volume change during innercrystalline swelling that 
determines dehydration and the magnitude of the swelling pressure. 

The Na-saturated smectite / water interface for the montmorillonite-beidellite series is investigated in the present 
work within the density functional theory (DFT). Layer charge is varied between 0.125 and 0.5 per formula unit 
[O10(OH)2] by substitution of Al3+ by Mg2+ in the octahedral sheet (montmorillonites) and by substitution of Si4+ 
by Al3+ in the tetrahedral sheets (beidellites). Starting from the water free supercells (with integer molar ratios), 
the number of water molecules is increased discretely. Stable hydration states (1H to 3H) do not necessarily cor-
respond to the formation of water layers (1W to 3W) in the interlayer, which is deduced from the development of 
the basal spaces during hydration. With the help of ab initio thermodynamics, the energy states are related to tem-
perature, and partial pressure of H2O and the resulting phase diagrams revealed hydration state in dependence of 
relative humidity (RH) as well as necessary temperatures for full dehydration to determine the true water content. 
Thereby it was shown that 2:1 layer silicates with a layer charge of 0.125 are swellable but reach only the 1H state 
even at 100% RH, but the removal of water molecules from the interlayer requires temperatures >110 °C and par-
tial pressures of water <100 Pa. In contrast water uptake of smectites with layer charge 0.375 requires RH of >11% 
at room temperature, but dehydration occurs at moderate heating. Swelling pressure calculations are under way.

Our results now provide the possibility to predict water uptake, swelling pressure and dehydration conditions for 
determination of the true water content for smectites, whose layer charge and layer charge distribution varies not 
only between samples but also for 2:1 layers within a distinct sample.

[1] Ferrage, E. (2016). Investigation of the interlayer organization of water and ions in smectite from the combined use of diffraction exper-
iments and molecular simulations. A review of methodology, applications, and perspectives Clays and Clay Minerals, 64 (4), 348-373.

[2] Agus, S. S., Schanz, T. (2008). An alternative method for predicting swelling pressure of compacted bentonites. Acta Geotechnica 3 (2), 
125-137.
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THE CONTROL OF DESORPTION OF ADSORBED Cs+ FROM THE 
NATURAL ZEOLITE
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The zeolite known as good adsorbent has characteristics such as ion exchange capacity, molecular sieve and ad-
sorptive capacity and it is used as drainage treatment and soil conditioner. Because the natural zeolite produced 
in Itaya, Yonezawa, Japan has good quality and bountiful reserves. Natural Itaya-zeolite is composed mostly of 
clinoptilolite, containing some mordenite. From its characteristic, zeolites are used for the removal of radioactive 
Cs+. It was thought that natural zelite has utility value for being often produced and good quality. About adsorption 
of Cs+ by zeolite has often been studied. But about effect of desorption of Cs+ from zeolite has not been much 
reported. Therefore the study of suppression of desorption is required. Itaya zeolite mainly elute ions of K+, Ca2+ 
and Mg2+ by ion exchange when adsorbed Cs+. In addition, Cs-137 becomes Ba-137 by beta decay. So in this study 
Itaya zeolite absorbed Cs-133 was tested how it behave when solution of K+, Mg2+, Ca2+ or Ba2+ as desorbent was 
induced desorption. It was thought that zeolite adsorbed Cs+ is suppressed desorption by burning. Desorption of 
Cs+ was influenced in the order of K+>Ba2+>Ca2+>Mg2+. This means to affect desorption as the ionic radius of des-
orbent is larger. Desorption rate of non calcinated zeolite was 0.8%, in contrast desorption rate of calcinated zeolite 
was 0.008%, therefore, desorption was suppressed 1/100. The melting point of zeolite is 900 °C. Therefore zeolite 
was fired at 1100 °C was able to be immobilized Cs+ that was adsorbed because the pores collapsed by melting.
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TEM OBSERVATION OF ORTHO-TYPE POLYGONAL SERPENTINE AND 
ORTHOCHRYSOTILE
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Serpentine minerals are 1:1 type phyllosilicate with ideal composition Mg3Si2O5(OH)4. They take various crystal 
structure due to the misfit between sheets. Chrysotile have cylindrical nanotube like structure and is divided into 
clinochrysotile (chrysotile-2Mc1) and orthochrysotile (chrysotile-2Orc1) by the β angle. Polygonal serpentine (PS) 
have a unique multi column shaped structure. It can also be divided into two types; “clino-type PS” with XRD pat-
tern similar to clinochrysotile and “ortho-type PS” similar to orthochrysotile (Middleton & Whittaker, 1976; Kr-
stanović, 1997). Pure orthochrysotile is very rare, and mostly occur as mixture with clinochrysotile (Whittaker & 
Zussman, 1956). Ortho-type PS also seems to be rare, since most reports are done on clino-type PS (e.g. Mugnaioli 
et al., 2007). Their observation is insufficient compared to the clino-type structures. In this study, we researched 
the mineralogical properties, especially crystal structure and microtexture, of ortho-type PS and orthochrysotile, 
to discuss their relationships and formation process, which reflects the late stage hydrothermal environment in 
serpentinization.

The samples were analyzed by X-ray diffraction (XRD), electron microprobe analyser (EPMA) and transmission 
electron microscope (TEM) in Kyushu university ultramicroscopy research center. Ortho-type PS are from 3 areas 
(Shimotake, Fukami, Wakayama) in Kurosegawa belt, Japan. Orthochrysotile from Sir R. Bond’s mine, New-
foundland (sample #M15100; Wicks & O’ Hanley, 1988) was provided by Royal Ontario Museum. The samples 
are endmembers (free of clino-type components) in powder XRD.

The ortho-type PS specimens were collected from yellowish to pale green vein in host serpentinites, which are lin-
er and splintery (Shimotake and Fukami) or irregular with space filling texture (Wakayama). All the samples were 
composed of ortho-type PS with minor orthochrysotile and/or clinochrysotile. PS was generally 200-300 nm, and 
some fibers around 100 nm showed polygonal sectors. The number of sectors were always 15, and 30 sectored PS 
were only rarely seen in Wakayama. The textures and stacking sequence differ through out the localities.

The observed orthochrysotile specimen is a fibrous cross fiber vein with silky luster. It was composed of aligned 
fibers below 50 nm in diameter. Some fibers were partially polygonised, and sector angles were similar to those 
of 15 sectored PS. The center of the fiber was composed of interlaced pack of layers, in addition to the cylindrical 
core. Stacking is not always continuous from center to rim. The layers always act as packets of 4 to 10 layers, 
sometimes bridging several fibers.

From our observation, ortho-type series starts to polygonize at very small diameters (50-100 nm), and tends to stop 
development at relatively small diameters (200-300 nm) than former studies (Baronnet & Devouard, 2005; Mug-
naioli, 2007). This indicates that the formation of ortho-PS cannot be explained by only the overgrowth of chrysot-
ile. As proposed in polyhedral serpentine (Andreani et al., 2008) trivalent ions may play an important role, but 
difficult to define a clear border, since ortho-type PS and orthochrysotile take various Al contents (0.01-0.09 apfu).

[1] Middleton, A.P. and Whittaker, E.J.W. (1976). The structure of povlen type chrysotile. Can. Min., 14, 301-306.
[2] Krstanović, I. (1997). Serpentine mineral from Crni Kamen, Serbia. N. Jb. Miner. Mh., 10, 451-465.
[3] Whittaker, E.J.W. and Zussman, J. (1956). The characterization of serpentine minerals by X-ray diffraction. Min. Mag., 233, 107-126.
[4] Mugnaioli, E., Logar, M., Mellini, M. and Viti, C. (2007). Complexity in 15- and 30-sectors polygonal serpentine: Longitudinal sections, 

intrasector stacking faults and XRPD satellites. Am. Min., 92, 603-616.
[5] Wicks, F.J. and O’ Hanley, F.C. (1988). Serpentine minerals: Structures and petrology. Reviews in Mineralogy, Hydrous Phyllosilicates 

(exclusive of micas), 19, 91-159. 
[6] Baronnet, A. and Devouard, B. (2005). Microstructures of common polygonal serpentines from axial HRTEM imaging, electron diffrac-

tion, and lattice-simulation data. Can. Min., 43, 513-542.
[7] Andreani, M., Grauby, O., Baronnet, A. and Munoz, M. (2008). Occurrence, composition and growth of polyhedral serpentine. Eur. J. 

Mineral., 20, 159-171.
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MINERAL SURFACE CHEMISTRY CONSIDERATIONS FOR PREBIOTIC 
POLYMER FORMATION: PEPTIDES ON LAYERED HYDROXIDES 
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*valentina.erastova@durham.ac.uk

The role of clays in the origin of life, first proposed by John Desmond Bernal some seventy years ago, has been the 
subject of much research. While majority of clays carry negative charge, layered double hydroxides are positive, 
making them an ideal host for amino acids in early Earth’s reducing environment. In this work we examine the role 
layered hydroxides could have played in prebiotic peptide formation. We demonstrate how highly ordered layered 
double hydroxides can concentrate, align and template amino acids and, during wetting-drying cycles, promote 
peptide bond formation. We propose a mechanism for peptide growth, supported by layered double hydroxides in 
an early Earth environment. Our work provides new insights into the potential role of mineral surfaces in mimick-
ing aspects of biochemical reaction pathways.
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UNDERSTANDING SURFACE INTERACTIONS IN AQUEOUS MISCIBLE 
ORGANIC SOLVENT TREATED LAYERED DOUBLE HYDROXIDES
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Layered materials are of interest for use in a wealth of technological applications, many of which require a high 
surface area for optimal properties and performance. Recently, an industrially scalable method to create high sur-
face area layered double hydroxide (LDH) materials, which may be readily dispersed in non-polar solvents, has 
been developed [1]. This method involves treatment of LDHs with aqueous miscible organic (AMO) solvents. 
Here, molecular modeling is exploited to elucidate the AMO solvent-LDH interactions to understand how the dis-
persion process is facilitated by the AMO treatment. The simulations show how hydrogen-bond networks within 
the LDH interlayer are disrupted by AMO solvents, leading to delamination [2]. 

[1] Yang M., McDermott O., Buffet J.C., O’Hare D. (2014). Synthesis and characterisation of layered double hydroxide dispersions in or-
ganic solvents. RSC Advances. 2014.

[2] Erastova V., Degiacomi M.T., OHare D., Greenwell C. (2016). Understanding Surface Interactions in Aqueous Miscible Organic Solvent 
Treated Layered Double Hydroxides. RSC Advances.
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OCCURRENCE OF TONSTEIN TYPE KAOLINITE LAYERS 
INTERCALATED WITH COAL SEAMS IN THE NEOGENE LACUSTRINE 
TUNÇBİLEK BASIN, KÜTAHYA, WESTERN TURKEY

Hülya erkoyun (1)*, selaHatti̇n kadi̇r (1), jennifer HuGGett (2)
(1) Eskişehir Osmangazi University, Department of Geological Engineering, TR-26480 Eskişehir, Turkey, (2) Natural History 
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*hlerkoyun08@gmail.com, skadir.euroclay@gmail.com, info@petroclays.com

Abundant of beige and white kaolinite in claystone layers have 2-50 cm thickness of Tunçbilek basin characterize 
tonstein which is suitable for ceramic and tile industries. Up to date there is no detail study on origin of this ma-
terial. Thus, the aim of this study is to determine mineralogical, geochemical characteristics, and genesis of clays 
which have economical potential associated with coal seams in order to identify their precipitation environment. 
The Miocene units in the Tunçbilek coal deposit comprise organic-rich shale, organic-rich marl, marl, claystone, 
silty claystone, siltstone, sandstone, coal seam, and conglomerate deposited in a fluvial and lacustrine environ-
ment, associated with tuff and tuffite. Sanidine, plagioclase, biotite, chlorite and serpentine are partly to completely 
argillized and clay cemented in the rhyolitic to rhyodacitic tuff/tuffite, sandstone, organic-rich shale, and serpen-
tinite host rocks of the coal deposit. Abundant of kaolinite and quartz associated with smectite, illite, opal-CT, 
feldspar, calcite, dolomite, siderite, pyrite, barite, gypsum, and olivine. Development of oriented halloysite tube 
on/in altered volcanogenic materials associated with kaolinite, and occurrence of vermiform type kaolinite edging 
disordered kaolinite, locally siderite and pyrite crystals may suggest formation of kaolinite under acidic condition 
following the procedure of: volcanic glass+feldspar+biotite ® 7 Å halloysite ® kaolinite. The slight enrichment 
of light rare earth elements (LREE) compared to heavy rare earth elements (HREE) with a positive Eu anomalies 
based on Upper Continental Crust (UCC) normalized values reflects fractional crystallization of feldspar and 
amphibole. Alteration of feldspar, biotite, serpentine and volcanic glass resulted in the concentration of Al, Si, Fe, 
Mg, and K in a stagnant envrionment and precipitation of kaolinite precipitated in an acidic open hydrological sys-
tem, smectite and illite in an alkaline environment. The Al2O3/TiO2 and low Cr/Ni ratios suggest that felsic source 
rocks. The trace elements ratios such as Ni/Co, V/Cr, Cu/Zn and U/Th among the basement complex source rocks 
units also suggest oxic and suboxic and anoxic conditions. Association of argillization and silicification with coal, 
pyrite, and gypsum indicates a swampy environment and partial hydrothermal processes. This interpretation is cor-
roborated by the calculated formation temperatures from stable isotope analysis of 148.8-168 °C for kaolinite and 
145-169.2 °C for smectite. The low δS isotope values of pyrite (-19 - 2.9‰) and high positive values of gypsum 
(11.5 - 21.7‰) indicate a mixed diagenetic and hydrothermal origin for the sulphide and sulphate mineral.

Keywords: Kaolinite, Coal seam, Neogene, Tunçbilek coal deposit, Turkey.
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ADSORPTION OF GLYCINE AND GLYCINIUM IN MONTMORILLONITE

elizabetH esCamilla-roa*, f. javier Huertas, alfonso Hernández-laGuna, C. iGnaCio sainz-díaz 
Instituto Andaluz de Ciencias de la Tierra (CSIC-University of Granada), Armilla (Granada), Spain

Clay minerals are common minerals on the Earth surface, particularly in soils and sediments, where they play a 
key role in limiting the movement of nutrients and toxins through soils and sediments. Adsorption is a potentially 
important process in natural environments because it can lead to preferential removal of some ions and molecules 
from the natural solutions, and so sorption may affect their transport processes in soils and sediments. Among clay 
minerals, montmorillonite exhibits one of the largest adsorption capacity. The interaction of proteins and amino 
acids with clay mineral surfaces has also a very significant impact on several aspects of natural or anthropogenic 
processes occurring in soils. Clays were present in large amounts on the prebiotic earth crust after the formation of 
the hydrosphere and may have played an important role in the process of chemical evolution.

In this work, the adsorption of glycine molecule into the interlayer space of potassium montmorillonite was studied 
by means of quantum mechanical methods based on Density Functional Theory. The cation exchange of potassium 
by glycinium and hydronium cations was also explored and the adsorption of glycine in presence of these cations 
was also studied. Different levels of hydration were explored.

Our calculations indicate that the hydration of montmorillonite is an energetically favorable process at all lev-
els of hydration, where the adsorption energy shows an exothermic process. Neutral glycine is adsorbed inside 
montmorillonite in dry and hydrated conditions. This molecule is transformed spontaneously to a zwitterionic 
configuration and the adsorption energy shows that this adsorption is an exothermic process. The cation exchange 
of glycinium is exothermic, maintaining the same hydration levels. Interesting hydrogen bonds between glycine, 
glycinium and hydronium with the basal tetrahedral O atoms are observed. The IR spectroscopy properties were 
studied. Frequencies of the main vibrational modes were calculated and compared with experimental results ob-
serving interesting frequency shifts depending on the intermolecular interactions in the interlayer space of mont-
morillonite. This computational study confirms the experimental behavior that during the adsorption of glycine in 
montmorillonite a certain exchange of glycinium cation can be produced [1].

Acknowledgments: thankful to the regional Andalusian projects (RNM363 and RNM1897) and Spanish MINECO projects (FIS2013-48444-
C2-2-P, CGL2014-55108P).

[1] Ramos M.E., Huertas F.J. (2013). Adsorption of glycine on montmorillonite in aqueous solutions. Applied Clay Science 80-81, 10-17.
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SELF-ASSEMBLING TUBULAR STRUCTURES OF MAGNESIUM 
OXYHYDROXIDE AND SILICATE 

elizabetH esCamilla-roa*, C. iGnaCio sainz-díaz, julyan H. e. CartWriGHt

Instituto Andaluz de Ciencias de la Tierra (CSIC-University of Granada), Armilla (Granada), Spain

Silicates are common minerals particularly in soils and sediments in Earth and also are present in the interplanetary 
space. Silicates minerals have been widely studied in several technology areas, due to their versatility, absorption 
capacity and catalytic properties. Natural silicates can be formed by self-organizing reaction-precipitation pro-
cesses [1]. By means of this process, tubular structures can be formed. These forms have great importance in the 
formation of micrometer-scale fibers, biomineralized shells, mineral deposits in caverns and hydrotermal vents on 
the ocean floor [2]. Besides, these tubular structures can be a good print of the presence of water in extreme condi-
tions like in Mars and other planets [3]. An study is presented simulating the formation of self-assembling tubular 
structures of Mg oxyhydroxide from reactions of silicate in alkaline conditions and Mg salts, to produce MgO/
MgOH crystals. We obtained tubular structures in two phase: solid-liquid and liquid-liquid (injection of diluted 
salts). Tube and crystals growth in the interior surface of the tubular structure was also characterized by means of 
environmental scanning electron microscopy (ESEM), Micro-Raman spectra and X-ray diffraction. Our results 
show the evidence of formation MgO and MgOH in the inner surface of the tube.

Acknowledgments: thankful to the regional Andalusian projects (RNM363 and RNM1897) and Spanish MINECO project (FIS2013-48444-
C2-2-P).

[1] Pagano, J.J.; Bánsági, T.; Steinbock, O. (2007). Tube Formation in Reverse Silica Gardens. J. Phys. Chem.C, 111, 9324-9329.
[2] Barge, L.M.; Cardoso, S.S.S.; Cartwright, J.H.E.; Doloboff, I.J.; Flores, E.; Macías-Sánchez, E.; Sainz-Díaz, C.I. (2016). Sobrón, P.: 

Self-assembling iron oxyhydroxide/oxide tubular structures: laboratory-grown and field examples from Rio Tinto. Proceedings of the 
Royal Society A: Mathematical, Physical and Engineering Science, 472.

[3] Barge, L.M.; Cardoso, S.S.S.; Cartwright, J.H.E.; Cooper, G.J.T.; Cronin, L.; De Wit, A.; Doloboff, I.J. (2015). Escribano, B.; Goldstein, 
R. E.; Haudin, F.; Jones, D. E. H.; Mackay, A. L.; Maselko, J.; Pagano, J. J.; Pantaleone, J.; Russell, M. J.; Sainz-Díaz, C. I.; Steinbock, 
O.; Stone, D. A.; Tanimoto, Y.; Thomas, N. L.: From Chemical Gardens to Chemobrionics. Chem. Rev., 115, 8652-8703.
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FROM FLOW TO FRACTURE IN LAPONITE 
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Fracture of clays is an important issue in a number of fundamental and applied problems. Of particular interest is 
the hydraulic fracturing of oil reservoirs. However, its direct observation at mesoscopic and microscopic scales is 
complicated by the experimental challenges of gripping and imposing a controlled load on a very soft material and 
the complexity of viscoelastic processes inducing large deformations [1]. 

To this end, we use two experimental setups previously developed for the study of biopolymer gels [2] to inves-
tigate the mechanical response of synthetic hectorite clay Laponite RD gels and an analogous colloidal system 
composed of Ludox TM-50 silica nanoparticles. The first device consists in a Hele-Shaw-like cell with a built-in 
notch. By connecting a hole over the notch to a water syringe pump, a flow rate controlled crack is initiated. The 
second consists of a closed, rigid chamber where the gel sample is surrounded by an immiscible oil. By sucking the 
oil out of the chamber, a rate of displacement proportional to its flow rate is imposed to the oil-gel interfaces, and 
a mode I crack appears at a notch. Both setups are fabricated using microfluidic stickers technology [3].

A wide range of behaviors can be observed on Laponite dispersions as a function of the solid concentration and 
ionic strength, from a fluid which flows under load to an elastic solid which breaks [4]. The crack opening displace-
ment is obtained from its shape in the tip vicinity, while the displacement field is determined using Digital Image 
Correlation. In this plane stress configuration, it allows for the determination of the stress intensity factor and the 
energy release rate. Also, birefringence in nematic phases is used: observations are carried out through crossed 
linear and circular polarizers. By comparing the results of various compositions and cracks propagation velocities, 
we can have insight into the dissipative mechanisms and fracture properties of clay gels.

[1] Lefranc M., Bouchaud E., (2014). Mode I fracture of a biopolymer gel: Rate-dependent dissipation and large deformations disentangled. 
Extreme Mechanics Letters 1, 97-103. 

[2] Lefranc, M. (2015). Fracture properties of Soft Materials: From Linear Elastic Fracture to damage at the microscopic scale. Ph.D. thesis, 
UPSud. 

[3] Bartolo, D. et al. (2008). Microfluidic stickers. Lab Chip 8, 274-279.
[4] Ruzicka, B., Zaccarelli, E. (2011). A fresh look at the laponite phase diagram. Soft Matter 7, 1268-1286.
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CLAY-SUPPORTED Ni/Fe BIMETALLIC NANOCOMPOSITE USED FOR 
DEGRADATION OF ORANGE II IN AQUEOUS SOLUTION
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(1) Institute for Future Environments, Queensland University of Technology (QUT), Brisbane, QLD 4000, Australia, (2) 
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Azo dyes are a major environmental concern due to their toxicity, widespread usage and biorecalcitrance for con-
ventional aerobic wastewater treatment. Hence, the development of cost-effective technologies for degradation of 
azo dyes in aqueous solutions is of significant scientific and public interest. Advanced oxidation processes (AOPs) 
have become effective mechanisms for removal of azo dyes [1]. These processes involve a radical reaction, which 
can efficiently oxidize and degrade hazardous contaminants to completely harmless products. Recently, reactions 
using catalytic materials have drawn a great attention in wastewater treatment or groundwater remediation [2]. Of 
particular interest is the exploration of clay-supported bimetallic nanoparticles, which have proven to be promis-
ing remediation materials for the removal azo dyes due to their high catalytic efficiency and great reactivity [3,4]. 
In this study, we synthesized a palygorskite-supported Ni/Fe bimetallic nanocomposite catalyst (P-Ni/Fe), which 
exhibited a high capability for degradation of Orange II (OII) azo dye from aqueous solution. Batch experiments 
indicated that 97.4% of OII was removed using P-Ni/Fe, while only 83.1% and 4.9% of OII, were removed using 
either Ni/Fe bimetallic nanoparticles or palygorskite, after 6 h of reaction, respectively. Characterization by X-ray 
diffraction (XRD) and scanning electron microscopy (SEM) suggested that the use of palygorskite as a support 
material decreased the aggregation of Ni/Fe nanoparticles, thereby enhancing the surface area of these particles. 
A possible mechanism for degradation of OII by P-Ni/Fe was proposed based on the adsorption of OII on P-Ni/
Fe, followed by degradation using Ni/Fe bimetallic nanoparticles. This study demonstrated that palygorskite may 
be a suitable support material for Ni/Fe bimetallic nanoparticles and the resulting palygorskite-supported Ni/Fe 
composite could be a promising catalyst for the remediation of dye-contaminated wastewater. 

Keywords: palygorskite; Ni/Fe nanoparticles; Orange II; degradation.

[1] Xi Y., Megharaj M., Naidu R. (2011). Dispersion of zerovalent iron nanoparticles onto bentonites and use of these catalysts for orange II 
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iron composite materials for the remediation of contaminated aqueous solutions: A Review. Chemical Engineering Journal, 312, 336-350.

[3] Wang T., Su J., Jin X., Chen Z., Megharaj M., Naidu R. (2013). Functional clay supported bimetallic nZVI/Pd nanoparticles used for 
removal of methyl orange from aqueous solution. Journal of hazardous materials, 262, 819-825. 

[4] Zhao D., Cheng J., Chen J. (2014). One-step synthesis of bentonite-supported nanoscale Fe/Ni bimetals for rapid degradation of methyl 
orange in water. Environmental chemistry letters, 12, 461-466.



Scientific Research Abstracts
Vol. 7, p. 241, 2017
ISSN 2464-9147 (Online)
XVI International Clay Conference | ICC 2017 | Granada, Spain
© Author(s) 2017. CC Attribution 3.0 License

POLYMER-MODIFIED BIOCOMPATIBLE HALLOYSITE NANOTUBES-
DOPED COMPOSITES FOR DRUG DELIVERY AND TISSUE 
ENGINEERING APPLICATIONS
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kryCHkova, elvira rozHina, ivan Guryanov, ramil fakHrullin, farida akHatova, svetlana 
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Republic of Tatarstan, Russian Federation, 420008

Halloysite clay nanotubes have become a promising and very popular material in fabrication of biomedical mate-
rials [1]. Here we report our recent results on fabrication, nanoscale characterisation and practical in vitro and in 
vivo applications of halloysite nanotubes for drug delivery and tissue engineering applications. First, we evaluated 
the toxicity of halloysite nanotubes in vivo using Paramecium caudatum protists [2] and Caenorhabditis elegans 
nematodes [3]. Our results indicate that halloysite nanotubes are biocompatible and non-toxic material. We have 
also perfumed detailed characterisation of pure and polymer-modified halloysite nanotubes using a selection of 
characterisation techniques.
Next, we demonstrate the selective prototype anticancer drug delivery into selected human cell lines using poly-
mer-modified 50-nm diameter halloysite nanotube delivery vehicles [4]. We have produced versatile dextrin end 
stoppers to secure the intracellular release of several anticancer preparations (brilliant green, paclitaxel). We found 
that drug-loaded halloysite nanotubes penetrate through the cellular membranes and reside in cytoplasm. The 
uptake efficiency for halloysite nanotubes depends on the cells growth rate, for example, faster proliferating cells 
internalise larger amounts of nanotubes. We also found that the intracellular glycosyl hydrolases-mediated de-
composition of the dextrin stoppers stimulates the release of the lumen-loaded brilliant green. This resulted in the 
preferable elimination of human lung carcinoma cells (А549), in comparison with hepatoma cells (Hep3b). The 
enzyme-activated intracellular delivery of loaded drugs using dextrin-coated halloysite nanotubes is a promising 
platform for anticancer treatment, which we elaborated into the more complex systems. 
We also produced porous biopolymer cross-linkers free hydrogels doped at 3-6wt % with halloysite nanotubes us-
ing the freeze-drying method [5]. Our results confirm the enhancement of mechanical strength (doubled pick load), 
better water uptake and improved thermal properties in chitosan-gelatine-agarose composite hydrogels doped with 
halloysite nanotubes. Electron and atomic force microscopies have shown the even and uniform distribution of 
halloysite nanotubes within the tissue engineering scaffolds. We also utilised for the first time enhanced dark-field 
microscopy to visualise the distribution of halloysite nanotubes in implantation area in vivo (in rats). Our results 
confirm the increased in vitro cell adhesion and proliferation of cells on the nanocomposites. Importantly, no 
changes in viability and cytoskeleton formation were detected. Biocompatibility and biodegradability of implanted 
scaffolds (in rats) has confirmed that the scaffolds promote the growth of novel blood vessels around the implan-
tation areas. The implanted scaffolds were fully resorbed within six weeks after subcutaneous implantation. Our 
results indicate that the halloysite-doped scaffolds are biocompatible as demonstrated both in vitro and in vivo and 
may find applications as promising candidates for tissue engineering applications [6].

Acknowledgments: the work is performed according to the Russian Government Program of Competitive Growth of Kazan Federal University. 
This work was funded by the subsidy allocated to Kazan Federal University for the state assignment in the sphere of scientific activities.
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HOW PAINT WAS MADE BY ARTISTS? INTERACTION BETWEEN CLAYS 
AND PROTEINS 
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Since the ancient times, humans have developed painting techniques with various materials such as earth or ochre 
for pigments and wax, egg, or animal glue for binding media. The tempera technique, which mixes animal glue or 
egg with pigments, was widespread during the Middle Age. Around 1420, thanks to Van Eyck, oily medias spread 
and superseded the tempera. It was the most used technique during the Renaissance. However, some artists like 
Pieter Brueghel the Elder (16thc.) and Nicolas Poussin (17th c.) reused the old technique in some of their artworks. 
What were their motives? What are the properties of such a painting technique?

To understand these mixtures, painting recipes were studied. They enabled to prepare model samples. The selected 
systems are based on green earths composed mostly of mica and smectite. Grinding at different levels the later 
allow, after mixing with biomolecules present in animal glue or eggs, to obtain special rheological properties. Sev-
eral spectroscopy and microscopy techniques are used to characterize the materials. NMR relaxometry is used in 
this study to understand these interactions by investigating the proton dynamics on a wide timescale.

The preliminary results obtained by NMR relaxometry measurements highlight the dynamic of water in the min-
erals. T1 and T2 relaxation times point out the mobility/rigidity of sorbed water. Intensive grinding of the green 
earths leads to important structural changes leading to amorphous materials. The latter present different relaxation 
behaviour as attested by T1 and T2 measurements. The addition of the binders based on albumin or rabbit skin glue 
to the green earths affects the rheological properties of the obtained pigments. The water dynamics is deeply mod-
ified. The interactions between the inorganic and the organic part were investigated by vibrational spectroscopy.
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EXPERIMENTAL EVALUATION OF BENEFICIAL USE OF RANCE RIVER 
DREDGED SEDIMENT IN GEOPOLYMER BINDER

rémi farGes (1)*, baptiste anGer (2), ameni GHarzouni (1), françois tHery (2), emmanuel 
joussein (1), sylvie rossiGnol (1)
(1) Science des Procédés Céramiques et de Traitements de Surface (SPCTS), 12 rue Atlantis, 87068, Limoges Cedex, France, 
(2) EDF R&D, Département Éco-Efficacité et Procédés Industriels (EPI), Les Renardières, 77818 Moret-sur-Loing, France

Sediment dredging is sometime necessary in order to keep a satisfactory level of functionality of ports, waterways 
and reservoirs. In a circular economy approach, there is an interest to use land-stored sediments in order to protect 
natural resources. In this logic, EDF R&D is working with the SPCTS to value sediments which come from hydro-
electric dams or marine power plant as aluminosilicate source to develop geopolymer matrices. These new mineral 
binders, whose manufacture emits low CO2, are interesting for various applications. This study uses fine sediments 
from “Lyvet’s sediment trap” in the estuary of the river Rance (Brittany, NW France). The physical, chemical, 
structural and thermal characteristics of the raw and heat treated sediments were determined to estimate their reac-
tivity. A feasibility study was then initiated to evaluate the quantities of raw or treated sediments to incorporate in 
geopolymer formulations. Furthermore, the optimal formulations have been studied by FTIR spectroscopy in order 
to understand geopolymerization reactions.

The results show that the mineralogy of these sediments is mainly composed by quartz, carbonates and clay min-
erals (kaolinite, illite, micas, ...). After calcination at 650 °C, kaolinite is transformed to metakaolinite which is 
more reactive in an alkali medium. This observation is confirmed by the possibility to substitute about 50% of 
metakaolin by fine calcinated sediments to realize geopolymer binders with sufficient mechanical properties i.e. an 
unconfined compressive strength higher than 50 MPa. 
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RESIDUE VALORIZATION, SUSTAINABLE CLAY LIGHT WEIGHT 
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This research is focused on the valorization of agro-industrial residues (waste/by-products) and municipal 
post-treated cullet glass [1-3]dry sewage sludge (DSS, providedbylocal industries, as a replacement of virgin 
raw materials to elaborate lightweight aggregates (LWAS) for their use in agronomic field as growing media and 
controlled release fertilizers. The incorporation of bio-based pore-forming agents into a clay formulation has been 
investigated in order to increase material’s porosity, toboth reduce sintering temperature by means of the exother-
mic reaction produced bythe organic matter oxidation, and to reduce energy requirements during the firing process, 
finally as alternative to landfilling. It also seeks to develop sustainable LWAS capable of controlled release of nu-
trients for plants growing, through the valorization of different organic and inorganic wastes. 
For the production of LWAS were used three types of clays (white, black and red) in two different clay-based mix-
tures: WB (30 wt% white-70 wt% black clay) and RC (100 wt% red clay). White and black clays were provided 
from a clay-pit in Bailen, Jaen Province, Spain, they are rich in quartz and calcite, predominating the phyllosili-
cates like illite and smectite type. In contrast, red clay provided from a clay-pit from Roncobotto at Apennines re-
gion, Modena province, Italy, contains few carbonates, predominating phyllosilicates being illite with low amount 
of kaolinite. The residuesused were added at the two clay-mix bases in different percentages: sludge from beer-
wastewater treatment plant (SB) at 15 wt% as pore forming[4] and, as source of P and K,10 wt% of cattle bone-ash 
(CBA) or a fertilizer glass obtained in laboratory with glass cullet(42 wt%), CBA (40 wt%) and 18 wt% potassium 
carbonate (K2CO3)[5]. The materials were characterized in terms of chemical (XRF) and mineralogical (XRD) 
analyses, as well as their thermal behavior (TGA/DTA/DSC). The LWASobtainedwere subjected to drying process 
at 105±5 °C for 24 hours and thermally treated at 1000 °C for 1 hour in laboratory kiln. Technological parameters 
such as weight loss, bulk and absolute density, total porosity, water absorption, pH and electrical conductivity were 
determined. XRD and SEM analyses were performed for completing the samples characterization. The nutrient (P 
and K) release capacity was determined by leaching test according to European regulations in two different condi-
tions: in water for 30’ by using whole aggregates and in citric acid (2%), with two timeframes: 30’ to ensure the im-
mediate release of nutrients, whole and powdered aggregates, and 21 days, only whole, to verify the slow release. 
The eluates were analyzed by ICP-MS. The results of leaching test show the capacity of controlled nutrient release 
in composition containing glass, in particular for phosphorus, unlike the bone ash that releases more quantity in 
short time (test of 30’). The research indicates the feasibility of high-quality lightweight aggregatesmanufacturing 
for agronomic application, using relatively simple processing and lowsinteringtemperature and less environmental 
impact and economical savings.

This work is part of SmartMats [MAT2015-70034-R] Project, “Smart materials for sustainable construction”, funded by Spanish Ministry of 
Economy and Competitiveness and FEDER found. (MINECO-FEDER);technical and human support provided by CICT of Universidad de 
Jaén and University of Málaga (UJA, MINECO, Junta de Andalucía, FEDER) are gratefully acknowledged.

[1] X. Wang, Y. Jin, Z. Wang, Y. Nie, Q. Huang, and Q. Wang. 2009. “Development of lightweight aggregate from dry sewage sludge and coal 
ash,” Waste Manag., vol. 29, no. 4, pp. 1330-1335.

[2] C.L. Hwang, L.A.T. Bui, K.L. Lin, and C.T. Lo. 2012. “Manufacture and performance of lightweight aggregate from municipal solid 
waste incinerator fly ash and reservoir sediment for self-consolidating lightweight concrete,” Cem. Concr. Compos.

[3] A. Mueller, S.N. Sokolova, and V.I. Vereshagin. 2008. “Characteristics of lightweight aggregates from primary and recycled raw materi-
als,” Constr. Build. Mater., vol. 22, no. 4, pp. 703-712.

[4] C.M. García, M.T. C. Palomino, and F.A.C. Iglesias. 2015. “Production of sintered lightweight aggregates using wastes of brewing in-
dustry,” no. 2002, p. 23700.

[5] L. Barbieri, F. Andreola, D. Bellucci, V. Cannillo, I. Lancellotti, A. Lugari, J.M. Rincon, M. Romero, and A. Sola. 2014. “Preliminary 
studies on the valorization of animal flour ash for the obtainment of active glasses,” Ceram. Int., vol. 40, no. 4, pp. 5619-5628.
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DELETERIOUS EFFECT OF CLAYS ON FROTH FLOTATION

saEEd Farrokhpay

University of Lorraine, GeoRessources Laboratory, 2 rue du, Doyen Roubault, 54518 Vandoeuvre-lès-Nancy, France

The increased beneficiation of progressively more complex low grade sulphide ores highlights the importance of 
developing strategies to process ores containing various clays. It is known that the reactivity of clays and variety 
of these reactions are greater than any other known colloidal material. The deleterious effects of clays in mineral 
processing performance are widely acknowledged but the mechanisms and concentrations involved for different 
minerals are not clearly established. Flotation is widely used to separate valuable mineral. While it is acknowl-
edged that clay minerals can cause problems in mineral flotation, the literature contains conflicting evidence. In 
this paper, the latest findings about deleterious effect of clays on froth flotation will be discussed and the area that 
need further investigation will be identified. In addition, strategies to improve the process performance when clays 
are present will be also discussed.

[1] Farrokhpay, S., Ndlovu, B., Bradshaw, D. (2016). Behavior of swelling clays versus non-swelling clays in flotation, Minerals Engineer-
ing, 96-97:59-66.

[2] Ndlovu, B., Farrokhpay, S., Bradshaw, D. (2013). The effect of phyllosilicate minerals on mineral processing industry, International 
Journal of Mineral Porcessing, 125: 149-156.



Scientific Research Abstracts
Vol. 7, p. 246, 2017
ISSN 2464-9147 (Online)
XVI International Clay Conference | ICC 2017 | Granada, Spain
© Author(s) 2017. CC Attribution 3.0 License

PHYSICOCHEMICAL AND UREA ADSORPTION-DESORPTION STUDY 
OF CHITOSAN-MONTMORILLONITE AND CHITOSAN-SAPONITE 
MICROSPHERE FOR SUSTAINED RELEASE FERTILIZER

is Fatimah (1), sEptian p. yudha (1), Lusi sopia (1), ayu puspita (1), gunarti pratiwi (1), shaoBin 
wang (2)
(1) Chemistry Department, Universitas Islam Indonesia, Kampus Terpadu UII, Jl. Kaliurang Km 14, Sleman, Yogyakarta, 
Indonesia, (2) Chemical Engineering Department, Curtin University, Perth, Australia

The feasibility of modified clays as a carrier for slow release of nitrogen (N) was investigated. Montmorillonite 
and saponite kaolinite were modified using chitosan biopolymer and methenamine over intercalation method. 
Modified materials were thoroughly characterized using X-ray diffraction, Fourier transform infrared, differential 
thermal analysis and scanning electron microscopy to study the effect of surfactant modification. Adsorption-de-
sorption study of N from urea was observed. The desorption experiment was performed in the constant flow 
percolation reactor. The study reports that modified clays give the better adsorption and also give longer time N 
supply compared to raw clays. Kinetics and thermodynamic of the adsorption-desorption study in relation to the 
physicochemical character of the material is presented. 

[1] Amit Kumar Bansiwal, Sadhana Suresh Rayalu, Nitin Kumar Labhasetwar, Asha Ashok Juwarkar, And Sukumar Devotta, Surfactant-Mod-
ified Zeolite as a Slow Release Fertilizer for Phosphorus, J. Agric. Food Chem. 2006, 54, 4773−4779.

[2] B. R. dos Santos, F. B. Bacalhau, T. S. Pereira, C. F., Souza, R. Fae Chitosan-Montmorillonite microspheres: A sustainable fertilizer 
delivery system, Appl.Clay.Sci, 2015, 127, 340.
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PREPARATION OF SYNTHETIC SAPONITE FROM BIOGENIC SILICA

is Fatimah (1)*, sEptian p. yudha (1), Lusi sopia (1), shaoBin wang (2)
(1) Chemistry Department, Universitas Islam Indonesia, Kampus Terpadu UII, Jl. Kaliurang Km 14, Sleman, Yogyakarta, 
Indonesia, (2) Chemical Engineering Department, Curtin University, Perth, Australia

This work describes the process for synthesis of saponite by using biogenic silica. Saponite was prepared by sol-
gel method using silica hydrogel extracted from bamboo leaves ash and rice husk ash under varied methods: hy-
drothermal and microwave irradiation method. The prepared materials derived from varied Si/Al content and time 
of aging were characterized by chemical analyses, thermogravimetric analysis (TGA), x ray diffraction (XRD), 
Fourier transform spectroscopy (FTIR), scanning electron microscopy and energy dispersive spectrometry (SEM/
EDS). The results represent a formation of clay that was affected by the method in that hydrothermal gives better 
crystallinization and specific surface area compared to microwave method and the physicochemical parameter is 
the function of Sil/Al ratio.

[1] Vogels, R.J.M.J., Kloprogge, J.T. and Geus, J.W. (2005). Catalytic activity of synthetic saponite clays: effects of tetrahedral and octahe-
dral composition. Journal of Catalysis, 231(2), 443-452.

[2] Hua Shao and Thomas J. Pinnavaia (2010). Synthesis and Properties of Nanoparticle Forms Saponite Clay, Cancrinite Zeolite and Phase 
Mixtures Thereof, Microporous Mesoporous Mater. 2010 Sep; 133(1-3): 10-17.
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RUTHENIUM-IMMOBILIZED SAPONITE AS CATALYST FOR 
SOLVENTLESS MICROWAVE ASSISTED REACTION OF CITRONELLAL 

is fatimaH (1), septian p. yudHa (1), lusi sopia (1), sHaobin WanG (2), sim, yoke lenG (3)
(1) Chemistry Department, Universitas Islam Indonesia, Kampus Terpadu UII, Jl. Kaliurang Km 14, Sleman, Yogyakarta, 
Indonesia, (2) Chemical Engineering Department, Curtin University, Perth, Australia, (3) Chemistry Department, Universiti 
Tungku Abdur Rahman, Perak, Malaysia

Green catalysis is a popular topics in green chemistry. Citronellal conversion to menthol is an interesting reaction 
for some toiletries, pharmaceutical and food industries. A tandem cyclization-hydrogenation is developed in this 
research by focusing on the synthesis of heterogeneous catalyst with high performance for a solventless conversion 
of citronellal. Catalyst was prepare by intercalating ruthenium bipyridinium complex into saponite interlayer and 
characterization was carried out by means of XRD, BET measurements, SEM-EDX and surface acidity by using 
pyridine adsorption. Catalytic activity of the catalyst was determined by using microwave assisted reaction. Study 
on the effect of ruthenium complex intercalation to physicochemical character as well as catalytic activity results 
was studied. The results indicated that ruthenium content affects significantly to the physicochemical character of 
the catalysts and the intercalation process contributes to increasing catalytic activity. The catalyst was regenerable 
catalyst respect to green catalysis.

[1] Vogels, R.J.M.J., Kloprogge, J.T. and Geus, J.W. (2005). Catalytic activity of synthetic saponite clays: effects of tetrahedral and octahe-
dral composition. Journal of Catalysis, 231(2), 443-452.

[2] Shao H., Pinnavaia T.J. (2010). Synthesis and Properties of Nanoparticle Forms Saponite Clay, Cancrinite Zeolite and Phase Mixtures 
Thereof, Microporous Mesoporous Mater. 133(1-3): 10-17.
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CALCINED DAM SEDIMENTS AS SUPPLEMENTARY CEMENTITIOUS 
MATERIALS: CHARACTERIZATION AND POZZOLANIC REACTIVITY

antoine faure (1,2)*, aGnes smitH (2), Coryse Coudray (1), baptiste anGer (1), HoraCio Colina (3), 
isabelle moulin (4), françois tHery (1)
(1) EDF R&D, EDF Lab Les Renardières, F-77818 Moret-sur-Loing Cedex, France, (2) Univ. Limoges, CNRS, ENSCI, 
SPCTS, UMR 7315, F-87068 Limoges Cedex, France, (3) ATILH, F-92974 Paris-la-Défense, France, (4) LERM, F-13631 
Arles, France 
*antoine.faure@etu.unilim.fr

The accumulation of fine-grained sediments is a phenomenon that occurs in different contexts: harbours, water-
ways and hydroelectric reservoirs as well. To ensure good operation, this solid material should be managed in a 
sustainable way. Extraction from the reservoir bed by dredging may be required. Then, sediment must be consid-
ered as waste according to European and French regulations.

As fine-grained sediments contain a substantial amount of clay minerals, a recovery solution could be a beneficial 
reuse as pozzolanic addition in composite-Portland cement after thermal activation. A reduced number of referenc-
es can be found in literature, mainly on marine sediments. Both fixed-bed [1] and flash calcinations [2] were used. 
This study aims to characterize dredged materials from dams on mineralogical and physico-chemical properties 
and to optimize the thermal activation temperature. 

Three raw sediments sampled in different French reservoirs and labelled “SF”, “SR” and “SS”, in accordance 
with their geographical origin, are investigated. Physico-chemical properties are analysed by different techniques: 
PSD by laser diffraction, density by He-pycnometry, specific surface area by both BET and Blaine methods and 
chemical composition by ICP-AES. Mineral compositions are assessed by XRD and thermal analyses (simulta-
neous TGA-DTA) are performed. The evolution of sediment characteristics is followed between 550 and 1000 
°C, using ten different firing temperatures. In parallel, Frattini and saturated lime tests are performed. At selected 
firing temperatures, mechanical tests are performed on cement pastes using calcined sediments as Portland ce-
ment replacement (6, 20 and 35 wt%). Hydrated products obtained by reaction between the tested supplementary 
cementitious material (SCM) and Ca(OH)2 are identified using TGA-DTA and XRD. At each step, sediments are 
compared to two other usual SCM: a limestone filler (LF - poorly reactive) and a silico-aluminous fly ash (FA - 
pozzolanic activity).

According to the sampling dam, sediment characteristics vary: clay and calcite contents, nature of clay minerals, 
major oxides compositions and physical properties. Optimum firing temperatures are found to be 850 °C for SF 
and SR and 900 °C for SS. Chemical pozzolanicity assessments show that SR and SS are more reactive than SF. 
Mechanical tests show better results when sediment is calcined at the optimized temperature rather than a lower 
temperature (600 °C) and raw material. Even if better strengths are obtained with FA as SCM, calcined sediments 
always give better performances than the LF. On lime-SCM blends, several hydrates are identified and, among 
them, carboaluminates.

As a conclusion, innovative and sustainable SCM can be suggested by dam fine-grained sediment calcination. 
However, reactivity after calcination vary from one sediment to another. Dredged materials require a detailed 
characterization to assess their potential.

[1] Dang T.A.., Kamali-Bernard S., Prince W.A. (2013). Design of new blended cement based on marine dredged sediments. Construction 
and Building Materials (41), 602-611.

[2] Snellings R., Cizer Ö., Horckmans L., Durdziński P.T., Dierckx P., Nielsen P., Van Balen K., Vandewalle L. (2013). Properties and poz-
zolanic reactivity of flash calcined dredging sediments. Applied Clay Science (129), 35-39.
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PREPARATION AND CHARACTERIZATION OF KAOLINITE-FE-
TIO2 NANOCOMPOSITES AS POTENTIAL PHOTOCATALYSTS FOR 
WASTEWATER TREATMENT

maria julia fernandes (1), larissa bonfim (1), katia j. Ciuffi (1), miGuel a. viCente (2), raquel 
trujillano (2), viCente rives (2), franCisCo martín-labajos (2), antonio Gil (3)*, sopHia a. korili 
(3), emerson H. de faria (1)
(1) Univ. Franca, Parque Universitário, 201, 14404-600, Franca, SP, Brazil, (2) GIR-QUESCAT, Dep. Química Inorgánica, 
Univ. Salamanca, 37008 Salamanca, Spain, (3) Dep. Química Aplicada, Univ. Pública de Navarra, 31006-Pamplona, Spain

Emerging Organic Pollutants (EOPs) exist in many commercial products and have been detected in various aquatic 
environments around the world. EOPs have become a matter of concern because they are potentially toxic and 
persistent and are prone to accumulate in human tissues [1-3]. 

In this work, a natural purified São Simão’s (Brazil) kaolinite was used to synthesize a new nanocomposite with 
FeCl3 and Ti(IV) isopropoxide via a non-hydrolytic sol-gel route; the final materials were obtained by thermal 
treatment at various temperatures. Kaolinite (10.0 g), ethanol (200 cm3), acetic acid (1 cm3), and Ti(IV) isopropox-
ide (2.0 cm3) were mixed at room temperature in a beaker, and stirred for 24 h. The suspension was washed with 
distilled water and centrifuged several times, to remove the un-anchored alkoxide and other reagents from the 
surface of the clay. The solid was dried at 100 ºC for 24 h and split into four fractions: one was used as dried, and 
the other three were heated in air at 400, 700, and 1000 ºC, respectively, for 24 h. These temperatures were chosen 
based on the thermal analysis of the as-obtained solid.

The powder X-ray diffractogram and the infrared spectrum showed that kaolinite was very pure. The treatment 
with Ti(IV) isopropoxide and FeCl3 did not produce any change in the basal spacing of kaolinite (7.14 Å); actually, 
due to the difficult swelling of this clay mineral, the direct insertion of the alkoxide into the interlayer region of 
kaolinite was not expected. This suggests that functionalization occurred at the lateral silanol and aluminol groups. 
On calcination, anatase was formed at 400 ºC; at higher temperatures anatase and rutile were formed and kaolinite 
was amorphized, and finally it transformed into metakaolinite. It may be remarked that the characteristic peaks of 
anatase are very close to those from kaolinite, which makes difficult the analysis.

Kaolinite promoted the dispersion of the active phase around the clay surface, which in turn promoted the fast 
degradation of ibuprofen, when applied to the degradation of this anti-inflammatory drug. This influence was 
confirmed by comparing the results when using separately the isolated components (TiO2 and kaolinite) and the 
nanocomposite, finding that the formation of the nanocomposite played a fundamental role on the photodegrad-
ation pathways. It is proposed that formation of the kaolinite-Fe-TiO2 nanocomposite promotes the interaction 
of ibuprofen molecules with the surface of the solid and TiO2 dispersed in the matrix promotes the generation of 
highly reactive OH· radicals. 

Acknowledgments: MECD (PHBP14/00003) and CAPES (317/15). FAPESP and USAL (2016/50322-2). FAPESP (2016/01501-1). MINECO 
and ERDF (MAT2013-47811-C2-R and MAT2016-78863-C2-R).

[1] Barbosa L.V., Marçal L., Nassar E.J., Calefi P.S., Vicente M.A., Trujillano R., Rives V., Gil A., Korili S.A., Ciuffi K.J., de Faria E.H. 
(2015). Kaolinite-titanium oxide nanocomposites prepared via sol-gel as heterogeneous photocatalysts for dyes degradation. Catalysis 
Today 246, 133-142.

[2] Papoulis D., Komarneni S., Panagiotaras D., Stathatos E., Toli D., Christoforidis K.C., Fernandez-Garcia M., Li H., Yin S., Sato T., Kat-
suki H. (2013). Halloysite-TiO2 nanocomposites: Synthesis, characterization and photocatalytic activity. Applied Catalysis B 132-133, 
416-422.

[3] Marçal L., de Faria E.H., Saltarelli M., Calefi P.S., Nassar E.J., Ciuffi K.J., Trujillano R., Vicente M.A., Korili S.A., Gil A. (2010). 
Amine-functionalized titanosilicates prepared by the sol-gel process as adsorbents of the azo-dye Orange II. Industrial Engineering 
Chemistry Research 50, 239-246.
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MAGNESIAN CLAYS AS INDICATORS OF DEPOSITIONAL 
ENVIRONMENTS
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Superior de Ingenieros de Caminos, Canales y Puertos, Universidad Politécnica de Madrid, 28040 Madrid, Spain, (3) UCM, 
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The research herein presented concerns the characterization of the depositional systems of the Miocene units 
found in the “Sinclinal de Villar de Cañas”, located within the Loranca Basin (westernmost part of the Tajo Basin, 
Spain). The Loranca basin was formed during the Eocene-Oligocente time span. The Altomira hight, to the east of 
the basin was uplifted during the Oligocene to lower Miocene dividing the Tajo basin into the Madrid and Loranca 
sub-basins. The Loranca sub-basin was filled by fluvial and lacustrine sedimentary sequences. The sedimenta-
ry infill is characterised by three main units called the Lower, Upper and Terminal units. Alluvian fan deposits 
characterise the edges of the basin, which show a basinal change into fluvial channel deposits and playa-lakes. 
Towards the center of the basin appear saline lakes, with saline mud flats and salt-pan deposits. The general vertical 
sequence indicates the higher aridity character of the basin climate towards the end of the succession. 

The studied sequence has a total thickness of above 200 m that can be divided into four main units. The lower-
most unit (UI) was deposited in an environment dominated by alluvial fans, inter-channel ponds, and flood plains. 
Higher up there is a retrogradation of the fan systems and the establishment of a palustrine and shallow lacustrine 
environment (LBI Unit), where deposits are characterized by dolomitic carbonates. Later on, saline lakes occupied 
the area, leaving a calcium sulfate-rich record in the sequence (YB Unit). This unit is formed by three subunits: i) 
the lower subunit (YB1) is composed by an alternation of shales, secondary gypsum after anhydrite, minor sodium 
sulphate minerals and anhydrite; ii) the second subunit (YB2) is mainly composed of primary gypsum deposits 
where several brine dilution-concentration sequences occur; iii) the uppermost YB subunit (YB3) is characterized 
by an alternation of shale and primary gypsum beds, and begins with the entrance into the basin of detritic mate-
rials transported by water that produced the dilution of the brine. The sequence ends with a progradation of the 
sedimentary systems, dominating a palustrine and shallow-lake environment, and the sedimentation of dolomitic 
and gypsiferous shales (LBS).

The materials are mainly composed of gypsum and carbonates (magnesite and dolomite, depending on the loca-
tion), although they have variable amounts of illite and magnesium clay minerals. The characterisation of these 
clay minerals by using different techniques, such as XRD, FTIR, TG-DSC, and XRF of closely spaced samples 
from various cores, reveals a clear clay distribution related to different parts of the depositional environment. Once 
determined the different clay minerals content, their appearance has been related to the different lithologies and 
environmental interpretations of the different units. The main variations appear related to the content of palygor-
skite, illite and Mg-smectite, and minor amounts of kaolinite and/or chlorite. UI contains detrital clay-minerals, 
illite, dioctahedral smectite, I/Sm mixed-layers, and kaolinite and chlorite, being palygorskite almost absent. LBI 
is characterised by illite as the main clay mineral, and a rise in palygorskite content. Unit YB is characterised by 
having a trioctahedral Mg-smectite (saponite) as the main clay-mineral, although at some locations palygorskite 
and illite are also present. In the YB unit, the practical total absence of chlorite and kaolite is conspicuous.

This analysis has led to complete and understand the basinal distribution of the sedimentary environments and to 
determine more accurately their lateral and vertical distribution.
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STATE OF WATER UNDER CONFINEMENT AND TEMPERATURE 
THROUGH THE STUDY OF THE FEBEX BENTONITE PORE WATER 
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*anamaria.fernandez@ciemat.es

Bentonites are foreseen fundamental in the retention of possible contaminants towards the biosphere because of 
their favourable properties. A main parameter to define the ionic transport and degree of water adsorption (swell-
ing) in these materials is the chemical composition of the pore water, which is in equilibrium with the mineral 
surfaces of the clay minerals. This equilibrium could be modified by the degree of compaction/consolidation 
(porosity) of the material, salinity, type of clay minerals, type of exchangeable cation, and temperature; affecting 
to the amount of free water and interlamellar water in the system; and at the end to the accessible porosity for the 
diffusion of ions.

In different studies, it has been observed that, although the solute transport in bentonites is governed by diffusion, 
the porosity values derived from experimental data indicate that only part of the total water porosity is available 
for anion diffusion. Anion exclusion values between 5-8% in bentonites [1,2] and 50-70% in clayrocks [3] are 
illustrated in the literature. Most differences are related with the type and percentage of clay minerals involved 
(swelling, non-swelling), the pore water ionic strength, temperature, and the degree of compaction of the clayey 
material. These parameters directly impact on the amount water adsorbed in the interlamellar space; and hence, 
in the types of water and water distribution in the porous space and microstructure; as well as in the pore water 
composition through ions are transported through the environment. This is due to the compacted clay minerals are 
capable of acting as ion excluders, i.e., behave as semi-permeable membranes, because of the negative net charge 
on the clay mineral surfaces.

In this work, the interlayer and pore water composition relationship was analysed from the study of different 
compacted bentonite blocks obtained during dismantling of a large scale in situ test. The FEBEX in situ test was 
a non-isothermal test (100 ºC maximum) in which a compacted bentonite barrier was naturally hydrated along 18 
years by groundwater from a granitic formation. Temperatures in the bentonite rings at sections surrounding the 
two heaters installed in the experiment, reached and maintained at steady state conditions over time (inner ring: 
93-99 ºC; intermediate: 54-75 ºC and outer: 37-45 ºC). This test provided the opportunity to study the evolution of 
a real clay-water system under confined conditions, changes in salinity, different clay:water ratios and temperature 
variations, which affect the clay structure, types of water and its distribution, and porosity. 

After dismantling of the FEBEX in situ test, bentonite blocks obtained at two different sections (heated and 
non-heated) along a radius were analysed. Squeezing tests for determining the chemical composition of the pore 
water as a function of the thermal and hydraulic gradient, XRD for analysing basal spacings, determinations of 
CEC and cation exchange population, layer charge, water adsorption isotherms and other physical and physi-
co-chemical measurements were the main techniques used. Anion accessible porosity values obtained from com-
parison between squeezing and leaching tests were also obtained. For dry densities between 1.43 and 1.63 g/cm3, 
the anion accessible porosity ranged between 0.43 and 0.25, decreasing when dry density increases.

[1] Glaus, M.A., Frick, S., Rosse, R., Van Loon, L.R. (2010). Comparative study of tracer diffusion of 338 HTO, Na-22(+) and Cl-36(-) in 
compacted kaolinite, illite and montmorillonite. 339 Geochimica et Cosmochimica Acta 74, 1999-2010.

[2] Tournassat, C., Gaboreau, S., Robinet, J.C., Bourg, I., Steefel, C.I. (2016). Impact of microstructure on anion exclusion in compacted clay 
media. The Clay Minerals Society Workshop Lectures Series, Vol. 21 (2016), Chapter 11, 137-149.

[3] Fernández, A.M., Sánchez-Ledesma, D.M., Tournassat, C., Melón, A., Gaucher, E. C., Astudillo, J., Vinsot, A. (2014). Applying the 
Squeezing Technique to Highly Consolidated Clayrocks for Pore Water Characterisation: Lessons Learned from Experiments at the Mont 
Terri Rock Laboratory. Applied Geochemistry, 49, 2-21.



Scientific Research Abstracts
Vol. 7, p. 253, 2017
ISSN 2464-9147 (Online)
XVI International Clay Conference | ICC 2017 | Granada, Spain
© Author(s) 2017. CC Attribution 3.0 License
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(1) CETMIC-CONICET CCT La Plata, LA Plata, Argentina, (2) Universidad Nacional de San Martín (UNSAM). Fac. De 
Ccia. Y Tecnología -Laboratorio 3ia. San Martín, Bs. As, Argentina, (3) IFLP- CONICET CCT-La Plata y Fac. De Ccias. 
Exactas, UNLP, La Plata, Argentina

Heavy metals pollution is an important environmental topic due to the potential health problems. In particular, Cr 
and Co are essential metals but in relatively high concentration are potentially toxics and they are mainly released 
from several industrial processes. Sorption of metals on clay systems is a frequently used methodology due to its 
simple application, high sorption capacity and sorbent material´s low cost. Actually, the development of magnetic 
clay systems allows the pollutant removal in continuous process, promoting the sorbent separation advantage by 
an external magnetic field. 
This work analyse Cr and Co sorption on different montmorillonite sorbents: a raw from Argentina (Mt), an or-
ganic (OMt) and an organic-magnetic derivative (OMt-Mag), in batch conditions and with initial concentration 
from 10 to 60 mg/L; ratio solid/solution= 1 g/L, room temperature, contact time 24 h, and pH=6 and 3 for Co and 
Cr, respectively. Cr and Co in solution after sorption experiments was determined by colorimetric method [1,2]. 
Sorption isotherms were fitted to Langmuir, Freundlich and Sips mathematical models. 
OMt sample was obtained after dispersing 2 g of Mt in 100 ml of distilled water containing 0.6 g of hexadecyl 
trimethyl ammonium bromide in order to achieve 100% of cationic exchange capacity. The suspension was stirred 
for 24 h at 60 °C. OMt-Mag sample was synthetized by co-precipitation method [3]. 
Sorbents were characterized by X-ray diffraction (XRD), zeta potential, Mössbauer spectroscopy and vibrating 
sample magnetometer (VSM) techniques, while solid resulted from maximal adsorption experiments (Ci = 50 ppm) 
were also analysed by XRD and zeta potential in order to determine changes in interlayer space (d001) and electric 
surface charge, respectively. 
The experimental adsorption points fitted better to Freundlich than to Langmuir or Sips models, for all sorbents 
analysed. For Co, Kf values were 7.2, 3.0 and 3.0 for Mt, OMt and OMt-Mag, respectively. Although Mt sample 
showed the highest Co affinity, OMt-Mag sample presented a substantial sorption capacity between 81 to 75% 
when the initial concentration of Co ranged from 10 to 60 mg/L. For Cr, Kf values were 1.4, 0.4 and 0.2 for OMt-
Mag, OMt and Mt sorbents, respectively. In this case, sorption percentage for OMt-Mag did not exceed 30%. The 
sorption percentage and Kf values obtained indicated that the sorbents studied were more efficient for Co than for 
Cr removal.
XRD results showed that after Cr and Co sorption the d001 value of Mt sample increased (0.30 and 0.32 nm) 
respect to raw Mt, while for OMt-Mag the d001 value remained constant (1.87 nm), indicating an entrance to the 
interlayer and surfactant screening, respectively. For OMt sample an increase and decrease of d001 values (0.11 
and 0.06 nm) were found for Cr or Co sorption, respectively. 
Zeta potential measurements showed the classical negative surface charge for Mt sample while OMt and OMt-
Mag samples indicated a positive surface charge. After Cr and Co sorption, the negative charge of Mt decreased. 
While in OMt and OMt-Mag, after the heavy metals adsorption, a decrease the positive charge was found except 
for Cr sorption on OMt where the positive charge remained constant. This behaviour could be assigned to some 
contra-ion adsorption effect.
Mössbauer spectra from Mt and OMt were similar. They were fitted by 4 paramagnetic Fe sites, 3 corresponding 
to Fe3+ and one to Fe2+. Mössbauer spectra of OMt-Mag showed, in addition to the same 4 paramagnetic sites, two 
magnetic Fe environments. The hyperfine parameters obtained for those sites were in agreement with that corre-
sponding to magnetite, although the area ratio did not correspond to the expected for the magnetite ideal crystal. 
The obtained relative fraction of magnetic sites was 41±3%. Saturation magnetization value of OMt-Mag (5.43 
Am2/kg) was higher than those for Mt (1.75 10-3 Am2/kg) and OMt samples (2.63 10-3 Am2/kg). 

[1] Clesceri L.S, Greenberg A.E., Eston A.D. (1999). Standard Methods for the Examination of Water and Wastewater. American Public 
Health Asociation. Washington.

[2] Sandell E.B (1944). Chemical analysis, Vol. III, Colorimetric determination of Trace of Metals. Univ. California.
[3] Guanghua W., Kun C., Wenbing L., Tiejun L. et al. (2011). Preparation of nano magnetic modified bentonite materials for reclamation of 

coking wastewater. International Conference on Materials for Renewable Energy & Environment vol II, 1027-1030.
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The addition of pesticides to the soil to maintain the yield in the agricultural production generates concern about 
the soils and waters contamination. Among the remediation techniques, amendments with activated carbons have 
been used with success to restore soils contaminated [1]. The adsorption capacity of montmorillonite combined 
with that of carbon, can be considered as an economic and alternative system to activated carbon that can be 
used for same purpose. Among the pesticides utilized in Argentina, in fruit production, thiabendazole (TBZ) and 
chlorpyrifos (CPF) are applied in the greatest quantity and their behaviour in cultivated soils as well as in mont-
morillonite carbon systems (MCS) has not been evaluated. 

In this work, thiabendazole and chlorpyrifos sorption on nine different surface soils and MCS were studied. Char-
acterization of the product obtained by both pesticides and MCS was conducted in order to understand the sorption 
surface sites involved. The MCS synthesis was performed using a similar procedure to that reported by Martın-Ji-
meno et al. [2]. An Argentine montmorillonite from Rio Negro province was used as a carbon support (from 10 
and 25 mg/L of dextrose). A suspension of 10 mg/L of montmorillonite was prepared and then 5, 10 or 25 mg/L 
of dextrose was added. The obtained suspension was sonicated by 3 h and then maintained at 180oC during 16 h 
on hydrothermal reactor. The resultant material (MCS-5, MCS-10 and MCS-25) was washed and dried at 60oC. 

MCS sorbents were characterized by BET, XRD and SEM. Some soil characteristics, as clay content, surface area 
and organic carbon (OC) were also determined by conventional methods. MCS sorbents with the adsorbed pesti-
cides were characterized by IR measurements.

Sorption studies were performed at room temperature in batch conditions, using 25 mg/L of TBZ or CPF, ratio sol-
id-solution = 0.8 g/l, pH = 6 and 24 h of contact time. The TBZ or CPF adsorbed were determined as the difference 
between the initial concentration and that at equilibrium determined by HPLC.

Surface area for all MCS samples was around 1m2/g. XRD showed that montmorillonite structure of all MCS 
samples was not modified, while SEM analysis indicated laminar structures without presence of free dextrose. 
Soils showed a clays range between 17 and 54%, specific surface area between 12 and 39 m2/g, and OC between 
1 and 5%.

TBZ sorption percentage on the different soils varied between 5 and 68% and the sorption capacity was positively 
correlated with the clay content (Pearson correlation coefficient = 0.88). Similar results were observed for CPF 
sorption, obtaining a Pearson correlation coefficient = 0.73). No correlation was observed between soil OC content 
and pesticides sorption capacity of the soils. Relatively high sorption percentages of TBZ on the MCS samples 
were obtained (around 95%). 

The FTIR spectra of the adsorbed pesticides showed peaks corresponding to TBZ and CPF in the MCS.

These preliminary results indicated the capacity of MCS sorbents to retain the pesticides studied and their potential 
use as soil amendments. 

[1] Bes, C., & Mench, M. (2008). Remediation of copper-contaminated topsoils from a wood treatment facility using in situ stabilisation. 
Environmental Pollution, 156(3), 1128-1138. 

[2] Martin-Jimeno J., Suarez-García F., Paredes J.I., Martínez-Alonso A., Tascón J.M.D., (2015). Activated carbon xerogels with a cellular 
morphology derived from hydrothermally carbonized glucose-graphene oxide hybrids and their performance towards CO2 and dye ad-
sorption. Carbon, 81, 137-147.
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STABLE ISOTOPE COMPOSITION OF KAOLINITE FROM A LATERITIC 
PALEOWEATHERING PROFILE IN THE GUADALQUIVIR BASIN (SPAIN)
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This study was undertaken to investigate a highly kaolinitic saprolite overlain by a ferruginous pisoliticduricrust 
formed by intense weathering of Pliocene arkosic sands at mid-latitude (~37º N), in the north-western margin of 
the Guadalquivir Basin (SW Spain). The geomorphological features and the mineralogical evolution of the weath-
ering profile seem to be consistent with a lateritic paleosol evolved under humid subtropical conditions [1]. The 
hydrogen and oxygen stable isotope ratios of kaolinite were determined in order to further confirm this interpre-
tation, providing the first estimates of the isotopic composition of meteoric water and temperature of the ancient 
weathering system.

Five kaolin samples representative of the white sandy clayey saprolite were selected for isotopic analysis. The <2 
mm fraction was extracted from the bulk sample by wet sieving, settling in deionized water and centrifugation. 
The clay separates consist of more than 95% kaolinite with impurities of quartz and mica, as confirmed by XRD 
and SEM-EDS analyses. Isotope stable measurements were performed at Activation Laboratories (Canada)using a 
Thermo-Finnigan Delta Plus XP continuous-flow isotope-ratio mass spectrometer. The isotope values are reported 
in the standard delta notation relative to V-SMOW, with a precision of 0.1‰ for δ18O and 3‰ for δD.

Kaolinite showed d18O values ranging from 17.3‰ to 20.0‰ and averaging 19.2±1.1‰, while the δD values 
varied between -71‰ and -60‰ with a mean value of -65±5‰. These isotope ratios match those of western 
European kaolins that formed at paleolatitudes of 35º to 40º N [2]. The intraprofile variation in the isotopic com-
position of kaolinite could be due to seasonal orannual changes in the isotopic composition of infiltrating rainfall. 
When plotted on a δD-δ18O diagram, the samples fall on, or slightly to, the left of the kaolinite weathering line 
(δD=7.5δ18O-220), which delineates the composition of kaolinites in oxygen and hydrogen isotopic equilibrium 
with meteoric waters at Earth-surface temperatures.

Assuming that kaolinite formed in equilibrium with water slying on the global meteoric water line (δD=8δ18O+10), 
and was not subjected to significant isotope exchange after formation, the δ18O and δD mean values indicate a 
crystallization temperature of 24±5 ºC, which is higher than the local present-day annual mean air temperature 
(~18 ºC). For this calculated temperature, the value of the oxygen isotope fractionation factor between kaolinite 
and water (ak-w) is about 1.0248 [3], which implies that kaolinite formed in the presence of meteoric waters with 
an isotopic composition (d18O= -6.0‰ to -4.5‰, and δD= -38‰ to -26‰) similar to that of modern precipitation 
water in the south-western of Iberia [4].

Although the climate prevailing at the time of kaolinization (Late Neogene) was comparatively warmer and wetter 
than today and would have favoured weathering processes, the unconsolidated sandy parent material provided a 
well-drained and easily leached substrate that played a determining role in the development of the deeply kaolin-
ized saprolite at extratropical latitude location.

[1] Fernández-Caliani J.C., Cantano M. (2010). Intensive kaolinization during a lateritic weathering event in SW Spain.Mineralogical and 
geochemical inferences from a relict paleosol. Catena, 80, 23-30.

[2] Gilg H.A., Hall A.M., Ebert K., Fallick A.E. (2013). Cool kaolins in Finland.Paleogeogr. Paleoclimatol. Paleoecol.392, 454-462.
[3] Sheppard S.M.F., Gilg H.A. (1996). Stable isotope geochemistry of clay minerals. ClayMiner. 31, 1-24.
[4] Carreira P.M., Nunes D., Valerio P., Araujo M.F. (2009). A 15-year record of seasonal variation in the isotopic composition of precipitation 

water over continental Portugal. J. Radioanal. Nucl. Chem.281, 153-156.
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LIME-METAKAOLIN BINDER: ALKALI ACTIVATION VERSUS 
POZZOLANIC REACTION
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Metakaolin (MK-2SiO2.Al2O3), obtained after the dehydroxylation of the kaolinite (Al4(SiO4O10)(OH)10), is known 
for its high pozzolanic capacity. It reacts with calcium hydroxide to give rise to hydrated calcium silicates (C-S-H 
gel or C-(A)-S-H gel when Al is incorporated in the structure) which are X-ray amorphous phases responsible for 
the strength and durability of cementitious materials. 

Metakaolin, traditionally used in mortars of lime-puzzolana or as an additive in Portland cement mortars [1-2], has 
been recently used in a third generation of binders [5], alkaline cements [3-4]. In a system with absence of CaO 
and an alkaline pH, MK reacts with the alkalis (Na or K) to give rise to N-A-S-H gels. This paper explores what 
happens when the system has CaO and an alkaline pH and which reactions prevail depending on the pH; the pozzo-
lanic reaction or the alkaline activation. Further to these aims, the mechanical behavior and the reaction products of 
MK/Ca(OH)2 (80/20) pastes mixed with water, a solution of NaOH of moderate alkalinity (5M) and high alkalinity 
(8M), were determined. The reaction products had been characterized by XRD and NMR. The results reveal that 
pH is decisive in controlling the type of reaction and gels formed.

[1] M.S. Morsy, A.F. Galal, S.A. Abo-El-Enein, (1998). Effect of temperature on phase composition and microstructure of artificial pozzola-
na-cement pastes containing burnt kaolinite clay, Cem. Concr. Res. 28 (8) 1157- 1163.

[2] Cabrera J. y Rojas M.F. (2001). Mechanism of hydration of the metakaolin- lime- water system, Cement and Concrete Research. 31, 
177 - 182

[3] Alonso S. y Palomo A. (2001). Alkaline activation of metakaolin and calcium hydroxide mixtures: influence of temperature, activator 
concentration and solids ratio, Materials Letters,. 47, 55 - 62.

[4] A. Buchwald, C. Kaps, M. Hohmann, (2003). Alkali-activated binders and pozzolan cement binders — complete binder reaction or two 
sides of the same story? Proceedings of the 11th International Conference on the Chemistry of Cement, Portland Cement Association, 
Durban, South Africa, pp. 1238-124. 

[5] Palomo A., Krivenko P., Garcia-Lodeiro I., Kavalerova E., Maltseva O., Fernández-Jiménez A. (2014). A review on alkaline activation: 
new analytical perspectives, Materiales de Construcción, 64, 315, e022.
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France 
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The anisotropic properties of water migration in natural systems containing swelling clay minerals (smectite or 
vermiculite) is most often driven by [1] the bidimensional diffusion in interlayer space of the particles and [2] the 
mutual arrangements of these lamellar particles in the porous media, which induce additional pathways for water 
transfer.

At the crystal scale, combination of experimental diffraction/scattering techniques and molecular simulations can 
be used to unravel the details in the organizational and dynamical properties of the fluid confined in the interlayers 
of swelling clay minerals [1,2]. In addition, such a collation procedure provides key quantitative information about 
the validity of the semi-empirical atomic interaction parameters used in theoretical simulations. 

In order to connect the diffusion of water obtained at the scale of the interlayer nanopore with macroscopic prop-
erty of diffusion, representative porous media for swelling clay minerals are crucial. For montmorillonite, the 
determination of particle morphology is delicate due to its osmotic crystal swelling in water saturated conditions. 
To tackle this problem, our efforts have focused in the experimental characterization of swelling clay porous media 
composed of vermiculite minerals which display similar particle size and shape once immersed in water [3,4]. An 
algorithm, similar to the one proposed by Coelho et al. [5], was used to mimic the three-dimensional organization 
of swelling porous media for particles having elliptic disk morphology [6]. The obtained virtual porous media are 
used to perform Brownian Dynamics simulations. Based on the consideration of water diffusion in both interlayer 
and inter-particle porosity, the obtained results are found to be in fair agreement with experimental data. This al-
lows getting additional insights onto the role played by particle organization on the overall macroscopic diffusion 
of water.

[1] Ferrage E., Sakharov B.A., Michot L.J., Delville A., Bauer A., Lanson B., Grangeon S., Frapper G., Jiménez-Ruiz M., Cuello G.J. (2011). 
Hydration properties and interlayer organization of water and ions in synthetic Na-smectite with tetrahedral layer charge. Part 2. Toward 
a precise coupling between molecular simulations and diffraction data. Journal of Physical Chemistry C 1867-1881.

[2] Michot L.J., Ferrage E., Jiménez-Ruiz M., Boehm M., Delville A. (2012). Anisotropic features of water and ion dynamics in synthetic 
Na- and Ca-smectites with tetrahedral layer charge. A combined quasi-elastic neutron-scattering and molecular dynamics simulations 
study. Journal of Physical Chemistry C, 16619-16633. 

[3] Hubert F., Bihannic I., Prêt D., Tertre E., Nauleau B., Pelletier M., Demé B., Ferrage E. (2013). Investigating the anisotropic features of 
particle orientation in synthetic swelling clay porous media. Clays and Clay Minerals, 397-415.

[4] Reinholdt M.X., Hubert F., Faurel M., Tertre E., Razafitianamaharavo A., Francius G., Prêt D., Petit S., Béré E., Pelletier M., Ferrage E. 
(2013). Morphological properties of vermiculite particles in size-selected fractions obtained by sonication. Applied Clay Science, 18-32.

[5] Coelho D., Thovert J.-F., Adler P.M. (1997). Geometrical and transport properties of random packings of spheres and aspherical particles. 
Physical Review E, 1959.

[6] Ferrage E., Hubert F., Tertre E., Delville A., Michot L.J. & Levitz P. (2015) Modeling the arrangement of particles in natural swelling-clay 
porous media using three-dimensional packing of elliptic disks. Physical Review E, 062210.
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TRACES OF PERMIAN TO JURASSIC BURIAL DISCRIMINATED FROM 
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Switzerland, (3) Mergelskull 29, D-47802 Krefeld, Germany, (4) ETH Zürich, CH-8092 Zürich, Switzerland, (5) Institut für 
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and Sedimentology, University of Vienna, A-1090 Vienna, Austria, (7) Dammweg 27, CH-3604 Thun, Switzerland

In the Permian and Triassic sediments of the Upper Austroalpine nappes high coalification and illite aggradation 
gradients are related to pre-Alpine burial thermal pattern. An anthracite stage of rock maturity and epizonal illite 
Kübler-Index (KI) values in Scythian sediments were related to a post-volcanic heating [1]. The knowledge about 
the age of hyperthermal heating between the Variscan and the Alpine orogeny is limited. In the last decade fin-
gerprints of a Permian to Triassic high-temperature/low-pressure metamorphism are also find out in Austroalpine 
basement nappes, but the influence of aborted rifting and graben tectonics in the Triassic and rifting and crustal 
thinning in the Jurassic on the diagenetic to metamorphic pattern is not well known. For a better understanding of 
the thermal conditions between the Upper Carboniferous (Variscan exhumation) and the Late Cretaceous (Alpine 
nappe stacking) the Silvretta nappe in Graubünden was selected. In this unit, basement and sedimentary rocks are 
in a stratigraphic succession. Graben structures are filled with Permian acid volcanoclastic and ignimbrite rocks. 
Also in the basement Upper Carboniferous diabase/dolerite dykes are giving evidences for volcanism. Alpine met-
amorphism did not overprint all traces of the retrograde path of the Carboniferous andalusite-facies metamorphic 
peak. During the Alpine orogeny the sedimentary rocks did not exceed diagenetic to low anchizonal conditions [2]. 
Therefore, the burial pattern can be used to reconstruct the paleo-geothermal evolution. Only Permian to Upper 
Triassic sediments shows epizone metamorphism. On the basis of petrologic and geochemical studies, followed 
by fluid inclusion thermo-barometry P-T conditions of the metamorphism were calculated. Radiometric mica-illite 
model-ages and fission-track ages determine the thermal evolution of post-Variscan cooling, Permian to Jurassic 
burial, and Alpine orogenic heating. Coalification gradients, clay mineral aggradation gradients, and illite-smectite 
relations are used to fit Arrhenius type time-temperature-pressure models based on empirical or kinetic based rate 
equations [3,4,5]. The results indicate an increase of diagenetic grade from the Jurassic to Upper Triassic in the 
sedimentary section and a steep increase of metamorphism in the Carnian to Permian part. The hypothermal gra-
dient in the Jurassic sediments is the result of Alpine diagenetic to anchizone metamorphic heating. The increase 
to hyperthermal gradients in the Triassic section and at the contact with the volcanic rocks was inherited from a 
Permo-Triassic diasthathermal event prior to nappe stacking. Mica ages of 300 to 260 Ma from the basement are 
giving the upper and lower limits of the Permian metamorphism. A subsequent period of varying heat flow from 
Permian to Jurassic times is necessary to explain the metamorphic pattern for the best fit of modelling results in the 
Silvretta nappe. Part of the anchi- to epizone gradient (lower stratigraphic section) was formed under steady state 
heat flow conditions and shows typical burial correlations between different methods [6]. The stratigraphic young-
er section shows high disequilibrium conditions, thus different methods used to determine grade of diagenesis give 
different results on diagenesis of a short orogenic event complicated by hydrothermal patterns.

[1] Ferreiro Mählmann R. (1994). Zur Bestimmung von Diagenesehöhe und beginnender Metamorphose - Temperaturgeschichte und Tek-
togenese des Austroalpins und Südpenninikums in Vorarlberg und Mittelbünden. Frankfurter geowissenschftliche Arbeiten, Serie C, 
Mineralogie, 14, pp. 498.

[2] Ferreiro Mählmann R. (1996). Das Diagenese-Metamorphose-Muster von Vitrinitreflexion und Illit-”Kristallinität” in Mittelbünden und 
im Oberhalbstein. Teil 2: Korrelation kohlenpetrographischer und mineralogischer Parameter. Schweiz.Mineral.Petrogr.Mitt. 76, 23-47.

[3] Sweeney J.J., Burnham A.K. (1990). Evaluation of a simple model of vitrinite reflectance based on chemical kinetics. Am. Assoc. Petrol. 
Geol. Bull. 74, 1559-1570.

[4] Hillier S., Mátyás J., Matter A., Vasseur, G. (1995). Illite/smectite diagenesis and its variable correlation with vitrinite reflectance in the 
Pannonian basin. Clays and Clay Minerals 43, 174-183.

[5] Dalla Torre, M., Ferreiro Mählmann, R. and Ernst, W.G. (1997). Experimental study on the pressure dependence of vitrinite maturation. 
Geochimica Cosmochimica Acta 61, 2921-2928

[6] Ferreiro Mählmann R., Bozkaya Ö., Potel S., Le Bayon R., Šegvić B., Nieto F. (2012). The pioneer work of Bernard Kübler and Martin 
Frey in very low-grade metamorphic terranes: paleo-geothermal potential of variation in Kübler-Index/organic matter reflectance corre-
lations. A review. Swiss J. Geosci. 105, 121-152.
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Workability and strength performance of blended cements with 35% replacement level have been investigated 
for two calcined clays (mostly containing 2:1 clay minerals) and mixtures with limestone. Raw clays were flash 
calcined at different temperatures and with different raw meal fineness, but ground to similar 45 µm residues 
after calcination. The results show both temperature and fineness of the raw clay have a noticeable effect on the 
morphology and grindability of the resulting calcined particles, which results in different performance in terms 
of kinetics and long term reaction degree of the calcined clay, and workability and strength development of the 
blended cements in mortar. Workability is noticeably influenced by the calcined clay content in the cement and the 
fineness of the raw clay to a higher extend when calcined at low temperatures, due to higher specific surface areas 
and finer particle size distribution of the ground calcined products. In contrast, workability progressively improves 
with the increase of the calcination temperature due to resulting lower specific surface area, as a consequence of 
partial crystallization at the surface and a corresponding reduction in amorphous phase, which gives a round shape 
to some of the calcined clay particles. Strength performance improves at temperatures up to 900 °C, leveling off 
at up to 1000 °C for coarsely ground raw clays, whilst the best reactivity is found for the more finely ground raw 
clays calcined between 800 and 900 °C. Raw clays with higher contents of montmorillonite exhibit further forma-
tion of crystallized phase at a slightly higher temperature of calcination (925 °C), which reacts more slowly with 
Ca(OH)2 on hydration of a cementitious system than the amorphous phase. This results in lower performance at 28 
days than achieved at optimum calcination temperatures, but equivalent performance after 90 days of hydration.

*Research and Development Center, Aalborg Portland, 9220 Aalborg, Denmark 
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POST - REYNOLDS CUP QUANTITATIVE PHASE ANALYSIS
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Professor Emeritus, Department of Geoscience, Louisiana State University, Baton Rouge, Louisiana, U.S.A. 70803

In the last decade, the Reynolds Cup competition has boosted interest and improved techniques for the quantitative 
determination of minerals by X-ray Powder Diffraction (www.clays.org/Reynold%27s.html). Participants were 
allowed to use any analysis method to provide abundance estimates of 12-20 minerals in three carefully prepared 
samples. 

In the first six contests, approximately 20% of the entrants employed single peak methods, 20% employed whole 
pattern measurements, and 60% used Rietveld programs for quantification (Raven and Self, https://nist.gov/doc-
ument-4954). Bias, the absolute value of the difference between the supplied weight % and the measured value, 
was used to assess the correctness of the results. The bias for the clay and other mineral estimates varied from 5 
-10 for the winning analysts to more than 400 for less successful contestants. Bias and % Bias values obtained by 
the top four investigators for quartz, calcite and chlorite are shown below. Each point represents quartz, calcite or 
chlorite in one of the three RC-7 samples. Many of the determinations had a small bias and the % bias increased 
with smaller amounts of the mineral. 

Quantitative estimates by the four groups were sometimes very different suggesting the results were often not very 
robust. This, plus the variable methods employed and the failure to assess repeatability indicate that the RC results 
have to be revisited if we want to improve quantification. A systematic evaluation of potential errors in sample 
preparation, intensity data collection, and calculation algorithms by a national society or AIPEA has the potential 
to produce a certifiable quantitative procedure that can be traced to standard reference materials. A handbook with 
a detailed protocol for each of the analysis steps is one potential product. This collective effort should result in 
improved documentation of quantitative methods that will benefit interlaboratory correlation.
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SQUEEZED INTERSTITIAL WATER AND CLAY SOIL PROPERTIES IN 
BRADANIC PLEISTOCENE BLUE CLAYS
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(1) Department of Civil, Environmental, Land, Building Engineering and Chemistry (DICATECh), Politecnico di Bari, Bari, 
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*ilenia.argentiero@unibas.it

Basic statements of previous studies have already pointed out the close relation between the clayey soil geotech-
nical properties and concentration and chemical composition of interstitial fluids.

Present developments, besides adding new supports to these statements, remark the need to integrate the theory 
issues and the laboratory test results in the natural contexts. 

This effort leads to identify as critical, in determining the behaviour of the clayey soils, the differences (naturally 
existing or human induced) between the chemical components and their concentration in pore waters and those of 
freely circulating water in discontinuities and on the border of clayey masses. 

The extent and direction of related phenomena depend on a series of geomorphological and hydrogeological 
conditions, which define initial clay conditions, type and range of concerned differences and time limits of acting 
processes. 

The study was performed on blue clays belonging to a wide region, geologically known as Bradanic Foretrough 
(Southern Italy). Sampling has been performed in different test sites, involved in engineering problems: building 
and building damages, tunnelling and landsliding. For each sample pore water has been extracted by squeezing in 
a special high pressure cell and subject to physico-chemical analysis. These pore water features have been related 
to those of free circulating waters and related to the main geotechnical characteristics of clay soils.

The interaction among different fluids, environmental or free circulating water and pore water of different chem-
ical composition, involves the variation of various clay properties: suction, osmotic pressure, dielectric constant, 
composition of the diffuse double layer, field of the electrical forces inside the double layer. 

Long term or seasonal variation of ionic concentrations in waters mainly circulating along clay fractures, cuts or 
excavations, caused by natural or human changes of environmental conditions, may determine unsteady state con-
ditions and may cause disequilibrium between exchange complex and interstitial water.

The consequences are the change of both dielectric properties and electrical forces inside the diffuse double layer. 
Furthermore, a soil, of ancient geological origin, can exhibit, at present, a sudden work against the gravitative force 
due to overburden or a foundation by swelling or, most rarely, ensuing different border conditions, a big settlement 
under relatively insignificant heads.

These phenomena have been evaluated, up to now, in terms of swelling pressure, as geotechnical equipment allow. 
However, a better understanding can be gained using energetic terms: the energy balance is well correlated to the 
energy released by the soil volume when interacting with external water

The experimental results and in situ surveys allow concluding that a complete site characterization can be made 
only with the evaluation of both pore water and ambient water chemical composition, even if properly carried out 
geotechnical tests may correctly predict the expected behavior.
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NEW IRON-BASED LAYERED DOUBLE HYDROXIDES: SYNTHESIS, 
CHARACTERIZATION AND INSIGHTS UPON PHARMACOLOGICAL 
APPLICATIONS 

mariana p. fiGueiredo*, vera r. l. Constantino, vanessa r. r. CunHa

Departamento de Química Fundamental, Universidade de São Paulo, São Paulo - SP, 05508-000, Brazil 
*figueiredompires@usp.br

Inclusion compounds have been studied for pharmaceutical formulations in order to transcend adverse drug char-
acteristics as low solubility, decomposition and side effects from administration. Layered double hydroxides 
(LDHs) possess great potential to act in drug storage and as delivery systems. This class of materials has the 
general formula [MII

(1-x)M
III

x(OH)2](A
n-)x/n

•zH2O (MII
: divalent metal, MIII: trivalent metal, An-

: n-valent anion) with 
a structure based on brucite-like layers. The di and trivalent ions are distributed in the center of the octahedral 
which is formed by six hydroxyl groups, while the An- and water molecules occupy the interlayer region. The An- is 
an exchangeable anion as Cl-, NO3

-, CO3
2- or organic anions. The biocompatibility of LDHs, an essential charac-

teristic to allow pharmacological applications, is related to the layer contents [1]. The partial substitution of Al3+, 
the most common trivalent cation present in the LDH compositions, for the endogenous Fe3+ ion tends to improve 
the biocompatibility but still maintaining the contribution of the high organization and crystallinity conferred by 
the aluminium. There are few papers reporting LDH hybrids composed only by iron or Fe/Al as trivalent cations. 
The intercalation of organic species and drugs have been challenging in the presence of iron, and for the Zn-LDH 
materials even the isolation of pure LDH phase is difficult. 

This work presents the synthesis and characterization of new ternary LDHs with composition M2Fe0.5Al0.5-Cl 
(where M = Mg or Zn), as well as, insights of these phases applications in drug delivery systems, through the in-
tercalation of the nonsteroidal anti-inflammatory drug (NSAID) naproxenate (NAP), used as a model species, and 
its in vitro release study. Up to the present time, the intercalation of NSAIDs into ternary LDHs was performed 
just in matrices with very low iron contents [1,2]. The LDH-Cl phases were obtained by coprecipitation method 
and applied as precursors for ion exchange reactions with NAP anions. X-ray patterns indicated the phase purity 
of the synthesized materials. For the Zn-LDH samples, the reflections are well defined, intense and narrow, sug-
gesting an enhancement in the structural organization compared to the Mg-LDH materials. Mg2Fe0.5Al0.5-Cl and 
Zn2Fe0.5Al0.5-Cl materials presented the basal spacing related to (003) plane of 8.0 and 7.8 Å, respectively, and the 
three (00l) harmonic reflections could be identified. The intercalation of NAP anion promoted the displacement 
of the (003) peak to 19.1 Å for Mg2Fe0.5Al0.5-LDH and 22.2 Å for Zn2Fe0.5Al0.5-LDH. It was proposed a bilayer 
arrangement of NAP ions between the LDH layers. Both ternary samples have appreciable amount of the drug: 
35 wt% for Mg2Fe0.5Al0.5-NAP and 28 wt% for Zn2Fe0.5Al0.5-NAP. FT-IR and FT-Raman data endorse the integrity 
of the drug after the intercalation process. X-ray diffraction patterns of the materials after calcination at 1000 °C 
for 2 h in air revealed two different set of decomposition products: Zn2Fe0.5Al0.5-Cl/NAP were converted to ZnO 
and Zn(FeAl)O4 phases, while Mg2Fe0.5Al0.5-Cl/NAP were transformed to MgO and the separated MgFe2O4 and 
MgAl2O4 spinels. The higher structural organization of the zinc based-LDHs in comparison to the Mg2+ analogous 
materials was also noticed by SEM images. The materials composed by Zn presented a pronounced aggregated of 
lamellar particles and a well-defined stacking of the sheets. However, even though were observed the usual LDH 
lamellar morphology for Mg2Fe0.5Al0.5, the stacking seems to be in less extension compared to the Zn2Fe0.5Al0.5 
materials. This structural difference between them was reflected by the in vitro NAP release profile from LDHs 
pellets, performed in phosphate buffer (pH 7.4 and 37 °C). For LDH Mg2Fe0.5Al0.5-NAP, the drug release was 
maintained for 2.5 days and for Zn2Fe0.5Al0.5-NAP the release was sustained for over 4 days. In contrast, the total 
release of pristine NAP was observed after 30 minutes. Therefore, the high amount of NAP intercalated and the 
sustained release profile promoted by the LDHs evidenced their promising use for drug delivery. These results 
open opportunity to explore new LDHs phases constituted by high level of essential metals. 

[1] Cunha V.R.R., de Souza R.B., Martins A.M.C.R.P.F., Koh, I.H.J., Constantino V.R.L. (2016). Accessing the biocompatibility of layered 
double hydroxide by intramuscular implantation: histological and microcirculation evaluation. Scientific Reports, 1-10.

[2] Rives V., Arco M., Martín, C. Trifiro F., Vaccari A. (2013). HydrotalciteLayered double hydroxides as drug carriers and for controlled 
release of non-steroidal anti-inflammatory drugs (NSAIDs): A review. Journal of Controlled Release, 28-39. 
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EFFECTS OF CLAY WETTABILITY ON THE FLOW PROPERTIES IN OIL 
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Interactions between reservoir fluids and the minerals determine the wettability of the different minerals in oil res-
ervoir rocks. In sandstone rocks, the clay minerals are contributing to most of the surface area. The concentration 
and distribution of these minerals and their wettability are therefore important for the flow properties of the fluid 
phases in the porous oil reservoir rocks. To determine reliable flow properties for the reservoir rock in laboratory 
experiments, it is important to establish conditions representative of the oil reservoirs. The objective for the pre-
sented studies has been to investigate the importance of clay minerals for wettability of oil reservoirs combining 
experiments and geochemical modelling.

Rock samples from oil reservoirs brought to the laboratory, can contain contaminations and precipitates from sam-
pling and storage. These should be removed without affecting the original mineral composition and distribution. 
The challenges in cleaning of reservoir rock samples will be presented. Some components in the drilling fluid can 
alter the wettability of the original clay minerals by adsorption. Particles (e.g. clay minerals) from the drilling fluid 
can change the wettability because the surface area can be increased or other types of mineral surfaces can be 
introduced. Oxidation of mineral surfaces and precipitation of oxidation products during storage and experiments 
can also alter the surface properties of clay minerals and introduce new types of surfaces and thereby alter the 
flow properties. Actions that can be taken to reduce the oxidation will be discussed, including use of chemicals to 
establish anaerobic conditions. 

The original wettability of the reservoir rock will determine the potential for different types of enhanced oil recov-
ery processes, both for improving the microscopic sweep and the volumetric sweep. It is important to select the 
correct composition of the synthetic formation water in the laboratory experiments. This brine composition will 
determine the properties of the clay minerals and thereby the attraction between these minerals and crude oil-brine 
interfaces and then the established wettability. Alteration of wettability to more water-wet can have the potential to 
accelerate the oil production and reduce the water production. Since the clay is contributing to most of the surface 
area, alteration of the wettability of clay minerals is of interest. Methods to change the interactions between com-
ponents in the crude oil - brine - rock system and thereby the wettability will be presented. 

The paper will show examples of how combination of experimental work and geochemical simulations have been 
used to investigate the wettability of the original reservoir rock, effects of oxidation on the wettability of clay, 
selection of the composition of synthetic formation water and the potential for improving the oil recovery by 
changing the composition of the injection water.
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In the post-harvest treatment of pears and apples in the Argentinean Patagonia, several pesticides are used [1], in-
cluding pyrimethanil (PRM), for the storage of fruits. The effluents released by the packing plants originate point 
source of contamination that should be treated prior to its discharge to natural water-courses. Montmorillonites 
(Mt) and their exchange products with quaternary ammonium salts, organo-montmorillonites (OrMt), have been 
used to remove this kind of contaminant [2] as well as metals [3], antibiotics [4], etc. The objective of this work 
was to study the adsorption of pyrimethanil on Mt and OrMt as well as the adsorption kinetics that manages the 
process. The adsorption isotherms were fitted to Langmuir, Freundlich and Dubinin-Radushkevitch (D-R) mod-
els. For kinetic analysis, three mathematical models were employed: pseudo first order (PFO), pseudo second 
order (PSO) and intra-particle diffusion model (IDM). The adsorption products were characterized by XRD and 
FTIR. The OrMt were prepared from didodecyldimethylammonium (DDAB) and octadecyltrimethylammonium 
(ODTMA) bromides at 150% of the cation exchange capacity (CEC). These adsorbents were named DMt150 and 
OMt149 for DDAB and ODTMA exchanged raw montmorillonite (Mt), respectively, where the number indicated 
the surfactant amount exchanged determined by total carbon analysis.
The maximum adsorption of PRM was the following: 330, 240 and 156 μmol PRM/g clay, for DMt150, OMt149 
and Mt, respectively. The large amount adsorbed by DMt150 sample was assigned to different conformational 
states of DDAB in the interlayer space [5], due to the presence of two hydrocarbon chains, allowing the entrance 
of PRM to the interlayer, and conferring greater hydrophobicity than that of OMt149. All adsorbents fitted well to 
the sorption models, except OMt149 sample that did not fit to Langmuir. The DMt150 sample attained the highest 
KF value (obtained from the Freundlich model) within the studied samples. The high PRM affinity for DMt150 
sample indicated the presence of hydrophobic interactions between the PRM and the organic fraction of the OrMt. 
The Qmax parameter obtained with D-R model were higher than that obtained with Langmuir model for all samples. 
The adsorption energy values found by D-R model indicated a physisorption process for PRM adsorption on OrMt 
samples, supporting the hypothesis of hydrophobic or Van der Waals type interactions. The kinetics experiments 
indicated that the adsorption process was governed by pseudo-second order kinetics.
The XRD analysis indicated an increase of the basal spacing from 1.25 to 1.39 nm for Mt sample after PRM ad-
sorption, assigned to PRM molecules arrangement in a planar conformation. For OrMt, no changes were noticed in 
the interlayer space after PRM adsorption, which could indicated a shielding of PRM entrance by the presence of 
the surfactant. FTIR analysis showed that the secondary amino group of PRM was involved in the adsorption pro-
cess. The appearance of a new band in the Mt-PRM spectra at 1579 cm-1 could indicate the formation of H-bonding 
through one of the pyrimidine ring nitrogen.
Summarizing these results, PRM adsorption increased by the use of DMt150 and OMt149 compared to Mt due 
mainly to hydrophobic interactions between the PRM and the organic fraction of the OrMt samples.

This research was funded by the Spanish Ministry of Economy and Competitiveness through the project CTM2013-42306-R supported by the 
European Regional Development Fund (FEDER ) and by the Argentine Ministry of Science, Technology and Productive Innovation, FONAR-
SEC project, Nano FS-008/2010.

[1] Lombardi B., Baschini M., Torres Sánchez R.M. (2003). Optimization of parameters and adsorption mechanism of thiabendazole fungi-
cide by a montmorillonite of North Patagonia, Argentina. Applied Clay Science, 24:43- 50. 

[2] Sanchez-Martin M.J., Rodriguez-Cruz M.S., Andrades M.S., Sanchez-Camazano M. (2006). Efficiency of different clay minerals modi-
fied with a cationic surfactant in the adsorption of pesticides: Influence of clay type and pesticide hydrophobicity. Applied Clay Science. 
31:216- 228.

[3] Sarkar B., Naidu R., Megharaj M. (2013). Simultaneous Adsorption of Tri- and Hexavalent Chromium by Organoclay Mixtures. Water, 
Air & Soil Pollution. 224:1704.

[4] Sun K., Shia Y., Chen H., Wang X., Lic Z. (2017). Extending surfactant-modified 2:1 clay minerals for the uptake and removal of di-
clofenac from water. Journal of Hazardous Materials. 323:567-574.

[5] Sagitova E.A., Donfack P., Prokhorov K.A., et al. (2009). Raman spectroscopic characterization of the interlayer structure of Na+-mont-
morillonite clay modified by ditetradecyl dimethyl ammonium bromide. Journal of Physical Chemistry B. 113:7482-7490.
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Rare earth element (REE) ion adsorption clay (IAC) deposits, which form by deep weathering of granitic rocks, 
are of global economic importance because they currently supply virtually all global production of heavy REE, Y, 
and a large proportion of light REE [1]. REE deposits of this type are currently being mined only in South China. 
The search for REE IAC deposits outside of China has focused mainly on areas of the Earth where large regolith 
deposits are formed on deeply weathered igneous suites. Granitic rocks of the Southeastern United States have 
been subjected to a long history of chemical and physical weathering under subtropical to temperate conditions. 
This has resulted in areas of extensive, thick, and relatively undisturbed clay-rich regolith resting on igneous bed-
rock, an environment comparable to that of South China REE IAC deposits. Prospective source rocks for these 
deposits are mainly REE enriched, highly fractionated granitic rocks that have been partially to completely altered. 
Previous work [2] identified a group of Neoproterozoic granites (Stewartsville, Striped Rock, Suck Mountain, and 
Battle Mountain plutons, Virginia, USA) having regoliths with Al2O3 concentrations ranging from 11.6 to 19.02% 
Al2O3. The regoliths have enriched REE contents and chondrite-normalized patterns that are similar to REE IAC 
deposits of China [1]. For comparison, several igneous-related white clay deposits having Al2O3 in the range of 
13.1 to 33.4% Al2O3 and consisting of mainly kaolinitic clays were examined. (Sparta, Georgia; Haile, South 
Carolina [3]; and St. Austell, UK). The Stewartsville regolith has REEtotal concentrations for (La-Lu, ~500-2800 
ppm) and fractions of extractable REE (La-Lu, 30-70%; av., ~900 ppm) that approximate grades of REE deposits 
at Heling and Guposhan, China [1]. White clay deposits at Haile and St. Austell have REEtotal concentrations in the 
range 41 to 304 ppm, but contain much lower percentage of extractable REE ions (<<15%).

The Virginia regolith deposits contain a diverse suite of REE minerals, including refractory igneous phases, rem-
nants of soluble minerals, adsorbed REE ions, and deuteric, secondary, and authigenic REE-bearing phases. The 
results of this study show that for these granites REE enrichment in the regoliths results from removal of alkalis 
and other mobile elements by weathering of igneous phases such as allanite, feldspar, biotite, and apatite. Released 
REE are fixed as hydroxide ions on edges and interlayer sites of neoformed clay minerals. In the presence of car-
bonate or phosphate ions, mobile REE convert to newly formed secondary minerals, including fluoro-carbonates 
(e.g., synchysite, doverite) and phosphates (e.g., monazite). Cerium is typically sequestered in cerianite as a result 
of redox reactions. The Stewartsville and Striped Rock regoliths highlight the importance of allanite weathering in 
generating light-middle-REE-enriched clays from metaluminous granite, whereas the Suck Mountain and Battle 
Mountain cases show the result of weathering of allanite plus a variety of REE-fluoro-carbonate minerals formed 
under peralkaline conditions in pegmatitic melt fractions [2,3]. The REE distributions in the kaolin deposits at the 
Haile and St. Austell clay pits mainly reflect the presence of monazite-(La), monazite-(Nd), and poorly crystalline 
xenotime (Y, Dy, Gd). The minerals and chemical processes producing the kaolin deposits are analogous to those 
that formed REE IAC deposits in altered granitic rocks of China and Southeast Asia; however, the environments 
did not support retention of REE as adsorbed ions on clay minerals. 

Micro-chemical-scale REE redistribution processes appear to be key factors in the retention of REE as adsorbed 
ions on clay. Thus, the REE resource potential of clay deposits is a function of the relative proportions of light to 
heavy REE (LaN/YbN) in source rocks and the amount of readily extractable REE adsorbed to clay minerals and 
bound up in soluble minerals (such as fluorocarbonates, oxylates) compared to the quantity of REE locked up in 
insoluble secondary and residual minerals. These studies demonstrate potential in the Southeast U.S. for REE IAC 
deposits of the type containing light-middle REE. Establishing the extent of the resource potential will depend on 
identifying sufficient volumes of regolith with high concentrations of readily extractable, high-value REE (e.g., 
Nd, Dy).

[1] Bao Z., Zhou Z. (2008). Geochemistry of mineralization with exchangeable REY in the weathering crusts of granitic rocks in South 
China. Ore Geology Reviews 33, 519-535.

[2] Foley N., Ayuso, R. (2015). REE enrichment in granite-derived regolith deposits of the southeastern United States: Prospective source 
rocks and accumulation processes. British Columbia Geological Survey Paper 2015-3, 131-138.

[3] Foley N., and Ayuso, R. (2013). Rare earth element mobility in high-alumina altered metavolcanic deposits, South Carolina, U.S.A. 
Journal of Geochemical Exploration 133, 50-67.
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The Westerwald region is one of the largest and oldest clay mining areas of Germany. Those deposits were formed 
during the Eocene and Oligocene as a result of the weathering, erosion and redeposition of Devonian rocks. During 
the Miocene, intense volcanic activities led to a large basalt cover, protecting the clays from the erosion. 

The two main goals of this study are first to improve the knowledge on the weathering processes of the Devonian 
slates that led to the current setting of those clay deposits by studying the mineralogical and chemical composition 
of the clays with depth. The second goal is to characterize a bentonite layer underneath the Miocene basalt cover 
using quantitative X-ray diffraction, chemical analysis, BET, cation exchange capacity and scanning electron 
microscope.

A 20 meter deep quarry mining the Devonian bedrock in southern Westerwald has been sampled on its entire 
depth. The XRD results show no significant variations of the mineralogy with depth, except for the phyllosilicates. 
The minerals of the <2 µm fraction are illite, kaolinite, smectite and mixed-layers minerals (vermiculite-chlorite 
and illite-chlorite). The proportions of the minerals in the mixed-layers chlorite-vermiculite vary with depth. At 
the bottom of the quarry, the proportion of vermiculite is very low while in the top, the proportion of vermiculite 
is higher. This is explained by the degree of the weathering, logically more intense at the top of the quarry. Trace 
elements compositions are currently being investigated. 

A 3 meter thick greenish to brownish bentonite layer has been found in the eastern part of the Westerwald region. 
The XRD performed on different samples of this bentonite shows a relatively heterogeneous composition: mont-
morillonite (60-80%), kaolinite (5-12%), illite (0-7%), goethite (2-15%), talc (0-10%), K-feldspars (0-7%), plagi-
oclase (0-4%) and traces of amphibole and pyroxene. This bentonite is probably the result of the weathering of vol-
canic ashes. Since there are not many outcrops of this bentonite layer, its spatial distribution is studied by drilling. 
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Currently, most of the nutrients applied through inorganic fertilizers containing N, P and K are easily lost by leach-
ing, run-off and in gaseous form. As a consequence of this, the nutrients pollute the atmosphere and water bodies, 
in the latter case the accumulation of nutritient elements cause eutrophication [1]. These characteristics require 
the use of huge amounts of fertilizers to ensure food production, and the negative effects of lost nutrients become 
worse. Moreover, the increasing scarcity of phosphate resources threatens food security and requires a chang in 
fertilizer management approach. In this context, research for environmentally friendly methods and products is 
important. One possible option is to develop sustainable slow-release fertilizers (SSRFs). The main advantages 
of SSRFs are that they dissolve and release nutrients into soils in a way that assures bioavailability of nutrients 
to plants over a long period of growth. In addition, novel formulations can reduce or eliminate environmental 
problems caused by excess losses of nutrients through the use of conventional fertilizers. Interestingly, the use of 
different clay minerals in the mechanochemical process has been reported to produce efficient SSRFs. Clay min-
erals are of particular interest, since they are abundant and environmentally friendly. Kaolinite, for instance, when 
milled with KH2PO4 or NH4H2PO4, produces amorphous phases that release K, N, and P slowly [2,3].

In this study [4], the solid-state mechanochemical activation method was used to prepare potential fertilizers by 
milling montmorillonite (MMT), a 2:1 dioctahedral cationic exchanger, and talc, a 2:1 trioctahedral nonionic ex-
changer, with K2HPO4. The main objective was to form metastable partially soluble materials under various mill-
ing conditions. Combined XRD, FTIR and solid state NMR analysis give evidences for changes of the local and 
extended structures due to the milling process. All milled samples undergo a strong amorphization. The structures 
of all mineral precursors collapse. In the meantime, K2HPO4 reacts with the clay mineral surface while octahedral 
Al is totally converted to the tetrahedral form. Kinetic studies and modelling have evidenced promising phosphate 
release performances. The intraparticle diffusion kinetic model, (the Higuchi model) based on the combination of a 
fast and a slow P release processes better described the phosphorus (P) release for both systems eventhough the re-
lease rate (kd) were different for both mechanisms. The potassium release behaviour was similar for both systems. 
Since crystallized potassium struvite (K-struvite-MgKPO4·6H2O) was formed during the release experiments, talc 
based potential slow-release fertilizers displayed slower release behaviour of P compared to MMT. 

Based on various characterization data, it was possible to conclude that potential fertilizers with slow-release 
behavior over 31 days were successfully obtained from both clay mineral systems by this approach, leading to 
different release mechanisms and kinetic behaviors.

[1] Camargo, J. A.; Alonso, A., (2006). Ecological and toxicological effects of inorganic nitrogen pollution in aquatic ecosystems: A global 
assessment, Environ. Int. 2006, 32, 831.

[2] Solihin; Zhang, Q.; Tongamp, W.; Saito, F., (2011). Mechanochemical synthesis of kaolin-KH2PO4 and kaolin−NH4H2PO4 Complexes for 
application as slow release fertilizer, Powder Technol., 212, 354.

[3] Borges, R.; Brunatto, S. F.; Leitão, A. A.; Carvalho, G. S. G.; Wypych, F., (2015). Solid-state mechanochemical activation of clay minerals 
and soluble phosphate mixtures to obtain slow-release fertilizers. Clay Miner. 2015, 50, 153.

[4] Borges R., Prevot V., Forano C., Wypych F., (2017). Design and kinetic study of sustainable potential slow-release fertilizer obtained by 
mechanochemical activation of clay minerals and potassium monohydrogen phosphate, Ind. Eng. Chem. Res. 2017, 56, 708−716.
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Because of increasing scarcity of raw materials (Phosphate rocks), worldwide growing demand for people feeding 
and pollution damages cause to the environment (eutrophication of water resources), nutrient sustainable manage-
ment is a high impact societal challenge that imposes to design innovative fertilizers or to develop more efficient 
fertilizing processes. Actually, the use of large amounts of fertilizers to ensure the food production induces increas-
ingly pronounced negative effects. Indeed, most inorganic fertilizers currently used in agriculture have a high-sol-
ubility or are volatiles, leading to excessive wastes and losses and a high dissemination in the Environment. In this 
scenario, economic losses are inserted with these non-sustainable nutrient supplies.

Based on these statements and considering that food production is an essential activity for human life, this 
study describes the development of potential sustainable slow-release fertilizer (SSRF), obtained by mechano-
chemical activation (using a high-energy balls mill) of mixtures of calcined layered double hydroxides (LDH), 
Mg2Al(OH)6(CO3).3H2O and Mg2Fe(OH)6(CO3).2.5H2O), and K2HPO4. 

Layered Double Hydroxides are natural and synthetic clay minerals with unique anion exchange properties that 
may generate anion release under controlled conditions. HPO4

2- loaded LDH have already demonstrated a great 
ability for slow-release of phosphate nutrient [1]. Interestingly, mechanochemical treatments of LDH may activate 
sorption sites [2] and modify porosity architectures and molecular diffusion properties [3,4]. In this study, we 
investigated mecanochemical treatments of mixtures of LDH or calcined LDH with potassium orthophosphate in 
order to prepare mixed metal oxides or hydroxides (LDO) with P/K/Mg slow-release properties. LDH precursors 
with Mg2Al(OH)6(NO3).nH2O, prepared by coprecipitation [6] and K2HPO4 were used as sources of Mg2+, K+ and 
P. Reactivity of LDH precursors against K2HPO4 was varied by calcination pre-treatment at different temperatures 
(200 °C, 300 °C, 400 °C). A series of ball milling conditions were the applied to LDO/K2HPO4 for various LDH/
KHPO4 mass ratio. Kinetic and thermodynamic studies of nutrient release were then performed in batch condi-
tions. Optimized preparation conditions for SSRF have been determined for 200 °C and 9 h LDH thermal and 
mecanochemical activation respectively.

All solid samples were characterized by XRD, TGA, SEM and EDX.

[1] Everaert M., Warrinnier R., Baken S., Gustafsson J.P., De Vos D., Smolders E. (2016). Phosphate-Exchanged Mg-Al Layered Double 
Hydroxides: A New Slow Release Phosphate Fertilizer, ACS Sustainable Chem. Eng. 4, 4280-4287.

[2] Fengrong Zhang, Na Du, Haiping Li, Xuefeng Liang, Wanguo Hou (2014). Sorption of Cr(VI) on Mg-Al-Fe layered double hydroxides 
synthesized by a mechanochemical method RSC Adv. 4, 46823-46830.

[3] Qu J., Zhang Q., Li X., He X., Song S. (2016). Mechanochemical approaches to synthesize layered double hydroxides: a review. Applied 
Clay Science, 119(2), 185-192.

[4] Qu J., He X., Wang B., Zhong L., Wan L., Li X., Song S., Zhang Q. (2016). Synthesis of Li-Al layered double hydroxides via a mechan-
ochemical route. Applied Clay Science, 120, 24-27.

[5] Theiss F.L., Ayoko G.A., Frost R.L. (2016). Synthesis of layered double hydroxides containing Mg2+, Zn2+, Ca2+ and Al3+ layer cations 
by co-precipitation methods—A review. Applied Surface Science, 383, 200-213.
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Triketones (sulcotrione, tembotrione, mesotrione) can be considered as a new generation of herbicides, inspired 
by natural molecules that are nowadays increasingly applied either as individual or in cocktail form [1]. Although 
triketones were considered as “eco-friendly” herbicides, there is a need to better understand their behaviors and 
their disseminations in soils in order to develop sustainable agricultural practices for maintaining a high level of 
soil quality. Moreover, the impact of heavy metals on the biodegradation of triketones has not yet been investigated 
while heavy metals can be found in non-negligible amounts in soils due to specific pesticide compositions, sewage 
and compost spreading or industrial waste dissemination.

This study focus on the combined impact of heavy metals and clay or organo-clay 
fractions of soils on the biodegradation of mesotrione (Fig. 1) by Bacillus megaterium 
Mes11. As clay and organo-clay fractions are known to strongly interact with herbicide 
molecules, bacteria and heavy metals, our objective is to address the joint effect of all 
components to the fate of mesotrione. Fig. 1 : Mesotrione

Complexation reactions of heavy metals (Cu2+, Cr3+, Zn2+, Pb2+, Fe3+) with mesotrione were first investigated 
using UV-Vis spectroscopy. The Cu2+ ions can form a complex with mesotrione (1/1 stoichiometric ratio), while 
no complexation was evidenced with other metallic cations. Adsorption isotherms of mesotrione and its main 
metabolite AMBA (2-amino-4-methylsulfonyl-benzoic acid) by Montmorillonite (Mont-Na+, Mont-Ca2+, Mont-
Fe3+) and Layered Double Hydroxides (Mg2M(III)(OH)6(NO3).nH2O with M(III) = Al, Fe) and related compounds 
loaded with 2.7% (w:w) of Humic acids were recorded. Partition coefficients (Kd) were found to vary in the series: 
MMT-Fe-AH2,7% > MMT-Fe > Mg2Al-AH2,7% > MMT-Ca-AH2,7% > MMT-Ca > Mg2Al-NO3 > Mg2Fe-AH2,7% > 
Mg2Fe-NO3 > MMT-Na.

Kinetics of mesotrione biodegradation by Bacillus megaterium Mes11 were studied in presence of model soil 
fractions (clay and organo-clay) and heavy metals separately or conjointly. As an example, in presence of Cu2+ and 
Cr3+, the biodegradation of mesotrione (1 mM) by Mes11 is slowed down with a partial inhibition for the lowest 
concentration considered (0.2 mM) and a complete inhibition for the higher concentrations (2 and 10 mM) in 
metals. Combining the soil models (Mg2AlNO3-and-Mg2AlAH2,7%) and Cu2+ or Cr3+ ions resulted in a complete 
inhibition of the mesotrione biodegradation. All these results will be presented and discussed.

[1] E. Dumas, M Giraudo, E. Goujon, M. Halma, E. Knhili, M. Stauffert, I. Batisson, P. Besse-Hoggan, J. Bohatier, P. Bouchard, H. 
Celle-Jeanton, M. Costa Gomes, F. Delbac, C. Forano, P. Goupil, N. Guix, P. Husson, G. Ledoigt, C. Mallet, C. Mousty, V. Prevot, C. 
Richard, S. Sarraute, (2017). Fate and ecotoxicological impact of new generation herbicides from the triketone family: An overview to 
assess the environmental risks, J. hazardous Materials, 325, 136-156.
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LIKE STATES IN CLAY AT DROP INTERFACES
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Colloidal clay in water suspensions are known to exhibit a multitude of bulk phases depending on initial colloidal 
concentration and ionic strength, and examples of this include repulsive Wigner colloidal glasses at low ionic 
strength and attractive gels at higher ionic strength due to screened electrostatic forces by the electrolyte [1]. From 
confocal Raman microscopy combined with elasticity measurements, we infer that clay trapped at quasi two-di-
mensional interfaces between oil and water also exhibit confined glass-like or gel-like states [2]. Furthermore we 
have demonstrated that the results are important for the preparation of particles stabilized colloidal emulsions [3]. 
The results can be important for preparations of colloidal clay capsules and clay based colloidosomes, and a better 
understanding of this phenomenon may lead to new or improved emulsion or encapsulation technologies.

[1] Bonn, D., Kellay, H., Tanaka, H., Wegdam, G., Meunier, J. (1999). Laponite: What Is the Difference between a Gel and a Glass ? Lang-
muir 15, 7534-7536.

[2] Gholamipour-Shirazi A., Carvalho M.S., Huila M., Araki K., Dommersnes P., Fossum J.O. (2016). Transition from glass- to gel-like states 
in clay at a liquid interface. Scientific Reports 6, 37239.

[3] Gholamipour-Shirazi A., Carvalho M.S., Fossum J.O. (2016). Controlled microfluidic emulsification of oil in a clay nanofluid: Role of 
salt for Pickering stabilization. European Physical Journal Special Topics 225, 757-765.
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Clays are well-known cation exchangers that have been used as supports for cationic catalytic complexes, in par-
ticular for chiral catalysts, for a long time [1]. As an immobilization method, cation exchange is very convenient 
given that it does not require the chemical modification of the chiral ligand, reducing in this way the cost associated 
to the immobilization process [2]. In particular, our group has been working in the use of clays, mainly the synthet-
ic laponite, as support for chiral bis(oxazoline)-copper complexes [3]. The layered structure of clays, that places 
the chiral complex onto a two-dimensional environment, produces deep effects on the stereochemical course of the 
catalytic reaction [4], which are different depending on the reaction studied and the role of the catalyst.

In the copper(I) catalyzed cyclopropanation reaction, the first important effect is the formation of cis cyclopro-
panes as major products, instead of the trans obtained in solution. The trend to approach both carbene and alkene 
with the bulky groups far from the laponite surface drives this effect, as shown by the use of non-symmetrical 
bis(oxazolines), that allow a closer disposition of the complex to the surface with an improvement in the cis se-
lectivity [5]. More importantly, the presence of the laponite surface provokes a change in the preferential attack 
of the alkene to one or another face of the carbene, with a reversal in the sense of the asymmetric induction and 
hence the major enantiomer is that with absolute configuration opposite to the one obtained in solution. Then, the 
laponite surface acts like a bulky substituent of the chiral ligand, hindering one of the faces of the copper-carbene 
intermediate for the approach of the alkene reagent.

When copper(II) acts as a Lewis acid, for example in Mukaiyama-Michael reactions, the effects are different, de-
pending on the nature of the Michael acceptor [6]. In one case (benzylidenemalonate), the clay produces a reversal 
of the enantioselectivity, a similar result as that observed in cyclopropanation. In another case (butenoyloxazolid-
inone), a total reversal of the diastereoselectivity is obtained, leading for the first time in this reaction to the syn 
diastereomer. Finally, when unsaturated ketones are used, the reaction in homogeneous phase does not produce 
enantioselectivity at all, whereas on the clay support moderate enantioselectivity values are obtained, depending 
on the substituents of the ketone. The lack of deep knowledge about the reaction mechanism, mainly regarding the 
structure of the substrate-copper-ligand intermediate complex, makes it difficult to explain those effects, that must 
be related to the geometry of the Michael acceptor upon coordination to the chiral complex.

In this communication, an overview of all these results will be presented, together with the hypothesis for the clay 
effect on the stereochemical course of the different enantioselective reactions.

[1] Mazzei M., Marconi W., Riocci M. (1980). Asymmetric hydrogenation of substituted acrylic acids by Rh-aminophosphine chiral complex 
supported on mineral clays. J. Mol. Catal. 9, 381-387.

[2] Fraile J.M., García J.I., Mayoral J.A. (2009). Non-covalent immobilization of enantioselective catalysts. Chem. Rev. 109, 360-417.
[3] Fraile J.M., García J.I., Herrerías C.I., Mayoral J.A., Pires E., Salvatella L. (2009). Beyond reuse in chiral immobilized catalysis: the 

bis(oxazoline) case. Catal. Today 140, 44-50.
[4] Fraile J.M., García J.I., Herrerías C.I., Mayoral J.A., Pires E. (2009). Chiral catalysis with nanostructured supports. Chem. Soc. Rev. 38, 

695-706.
[5] García J.I., López-Sánchez B., Mayoral J.A., Pires E., Villalba I. (2008). Surface confinement effects in enantioselective catalysis: design 

of new heterogeneous chiral catalysts based on C1-symmetric bisoxazolines and their application in cyclopropanation reactions. J. Catal. 
258, 378-385.

[6] Fraile J.M., García N., Herrerías C.I. (2013). Support effect on stereoselectivities of vinylogous Mukaiyama-Michael reactions catalyzed 
by immobilized chiral copper complexes. ACS Catal. 3, 2710-2718.
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Intravitreal injection is considered an effective approach for treatment of posterior segment ocular diseases, as it 
delivers the therapeutic agent directly into the eye, but it presents some potential risks associated to the need for 
repeated injections [1]. Alternative drug delivery systems are being developed to overcome this kind of limitations 
by reducing the frequency of injections, for example using biodegradable polymeric implants for slow release of 
dexamethasone (an anti-inflammatory steroid), but this methodology requires a surgical intervention to implant 
the material [2]. Clays have been recently envisaged as carriers for drug delivery [3], but they had never been used 
for ophthalmic treatment.

Laponite (LAP) is a white synthetic smectite clay, able to form transparent colloidal dispersions in water [4]. We 
have demonstrated that dexamethasone (DEX), in spite of being a neutral molecule, is retained on laponite through 
weak interactions, mainly hydrogen bonds, as shown by solid state NMR. In vitro studies have shown that dex-
amethasone is released below its solubility in saline solution or in a model of vitreous humor, under equilibrium 
conditions [5]. 

The in vivo ocular biocompatibility of laponite has been assessed by eye examination (slit lamp and indirect oph-
thalmoscopy) after intravitreal administration to rabbits. The clay did not elicit any inflammatory response even if 
the clay could be observed floating into the vitreous body as a transparent gel from day 1 through week 14 postad-
ministration. The small amount of eyes with cataract were probably due to a traumatic effect associated with the 
injection technique because the histological examination did not show any change in eye´s lens structure. Thus, 
laponite could be considered as a vehicle for potential clinical use in ocular drug administration due to its proved 
ocular biocompatibility and its transparency in the gel state. Moreover, Mg content in vitreous humor showed 
a decrease along the 14 weeks. About 33% of total initial LAP-dose administered could be detected in vitreous 
humor for up to 14 weeks postadministration, indicating some kind of degradation and/or elimination of the clay 
through an unknown mechanism.

Intravitreal injections of 100 μL dexamethasone/laponite dispersion (10 mg solid/mL, 1:10 DEX/LAP w/w) were 
performed in albino rabbits (New Zealand) and DEX concentrations in vitreous humor were monitored over 24 
weeks. Vitreous dexamethasone levels remained relatively stable from 7th day postadministration, and showed an 
elimination rate significantly lower than that found after intravitreal injection of dexamethasone in solution (1 mg/
mL) (CL= 0.49 vs 315.29 g/day). The administration of DEX loading to laponite can lengthen the half-life of the 
drug (T½-el= 132.75 vs 0.13 days) and enhance its clinical uses.

[1] Jonas J.B., Spandau U.H., Schlichtenbrede, F. (2008). Short-term complications of intravitreal injections of triamcinolone and bevaci-
zumab. Eye (London), 22, 590-591.

[2] Fialho S.L., Behar-Cohen, F., Silva-Cunha, A. (2008). Dexamethasone-loaded poly(e-caprolactone) intravitreal implants: a pilot study. 
Eur. J. Pharm. Biopharm. 68, 637-646.

[3] Viseras C., Cerezo P., Sánchez R., Salcedo I., Aguzzi C. (2010). Current challenges in clay minerals for drug delivery. Appl. Clay Sci. 
48, 291-295.

[4] Ruzicka B., Zaccarelli E. (2011). A fresh look at the laponite phase diagram. Soft Matter 7, 1268-1286.
[5] Fraile J.M., Garcia-Martin E., Gil C., Mayoral J.A., Pablo L.E., Polo V., Prieto E., Vispe E. (2016). Laponite as carrier for controlled in 

vitro delivery of dexamethasone in vitreous humor models. Eur. J. Pharm. Biopharm. 108, 83-90.
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Organofunctionalization of clay minerals is a current topic due the vast applications of resulted hybrid materials. 
Silylation of clay mineral surface is an effective procedure to obtain organic-inorganic hybrid layered materials. 
Successful silylation of clay mineral surfaces depends strongly on the reactivity of clay mineral surfaces, including 
all internal surfaces, external surfaces and broken edges [1]. Silylated products are very dependent of the nature of 
the clay minerals (swelling or non-swelling clay minerals), of the silane (nature and quantity of functional group 
and hydrolyzed groups) and of the experimental conditions, ie, polar and non-polar solvents, anhydrous condi-
tions, temperature, time, silane concentration, among others [1,2]. This work aimed to prepare organobentonites 
through microwave silylation with 3-aminopropyltrimethoxysilane (APTMS, 97%, Sigma-Aldrich). The influence 
of different solvents on organofunctionalization was evaluated. The resulting aminopropyl bentonites (BentN) 
were used as adsorbents to dye from aqueous solution. The solids were characterized by elemental analysis of 
carbon hydrogen and nitrogen, infrared spectroscopy, X-ray diffraction, thermogravimetry, transmission electron 
microscopy and solid state UV-Vis spectroscopy. An Argentine bentonite sample with a cation exchange capacity 
(CEC) of 88.2 cmol(+) Kg-1 was provided by Bentonise S.A and was used as-received. The chemicals ethanol and 
ethylene glycol (EG) were used as solvents and the raw sample was activated under vacuum to eliminate physical-
ly adsorbed water. The reaction of APTMS with 3.0 g of the activated bentonite (Bent) was performed in a micro-
wave reactor IS-TEC microwave RMW-1. After the previous suspension of solid in 50 mL of solvent, 10.0 mL of 
APTMS was added to reactor vessel. The solvents ethanol, isopropyl alcohol, hexane (hex), toluene and ethylene 
glycol (EG) were obtained from Sigma-Aldrich and used without further purification. The suspension was heated 
for 5 min at 323 K. The solid was then recovered by centrifugation and washing with ethanol and distilled water 
and dried at 323 K for 12 h. A control reaction was performed to verify the solvent/bentonite interaction at the 
same conditions without silane. Powder X-ray diffraction patterns of pristine bentonite showed different reflec-
tions attributed to three main phases consistent of montmorillonite (Mt), quartz and muscovite. After silylation, the 
basal spacings (d001) increased to reach 1.51-1.82 nm indicating the intercalation or grafting of the APTMS in the 
interlayer space of the Mt. The d values were near for the samples prepared with both nonpolar and polar solvents, 
excepted to sample BentN/EG which value was higher (1.82 nm). An increase in the degree of immobilization was 
observed for synthesis with nonpolar solvents, where the maximum immobilization was 1.05 mmolg-1, referring to 
the silanized sample in hexane. The samples with higher immobilized silane were used to 5R violet reactive dye re-
moval. The influence of the contact time for adsorption of dye on BentN/Hex and BentN/EG in aqueous solution at 
pH 3 and 500 mg L-1 initial concentration dye demonstrated that the dye removal increased during the initial stages 
of adsorption where the obtained value was 13 mg g-1 in 5 minutes. After 40 minutes, the dye removal became 22-
25 mg g-1, corresponding to an increase of 50% over the initial five minutes and reached equilibrium after 90 and 
38 minutes for BentN/HEX and BentN/EG, respectively. The combination of the experimental data stressed on the 
success of the microwave silylation of sodium bentonite. The silylated solids obtained by microwave irradiation 
behaved as good sorbents for the 5R violet reactive dye removal from aqueous solution.

[1] He H.P., Tao Q., Zhu., J.X., Yuan P., Shen W., Yang, S.Q. (2013). Silylation of clay mineral surfaces, Applied Clay Science, 15-20.
[2] Piscitelli F., Posocco P., Toth R., Fermeglia M., Pricl S., Mensitieri G., Lavorgna M. (2010). Sodium montmorillonite silylation: Unex-

pected effect of the aminosilane chain length, Journal Colloid and Interface Science, 108-115.
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Structural influence of two minerals, namely stevensite and sepiolite, that have very similar chemical composi-
tions, was determined on the adsorption of methylene blue.. In addition, the structure and chemical composition of 
both magnesian clay minerals was experimentally modified to determine the influence of these modifications on 
the adsorption characteristics. 

The clay mineral structure is the main factor controlling the adsorption process of methylene blue. Natural stevens-
ite has a laminar structure with interlayer cations that are readily exchangeable with methylene blue cations. In this 
way, besides adsorption of methylene blue on the on the external surface of the stevensite particles, a large portion 
of these organic cations are retained in the interlayer positions through the cation exchange mechanism. On the 
other hand, natural sepiolite has a structure with channels of dimensions 10.6 Å × 3.6 Å where contaminants, with 
appropriate size, can be retained. In this case, the molecular size of the methylene blue (17 Å × 7.6 Å × 3.25 Å) is 
larger than that of the inlet section of the sepiolite channels. For this reason, sepiolite is unable to adsorb methylene 
blue inside their structure. In natural sepiolite, adsorption occurs on the outer surface of the individual fibers or on 
the surfaces and micropores of fiber bundles.

In the present work, it has been verified that the effect of microwave assisted acid treatment on the methylene blue 
adsorption was opposite in the two magnesian clay minerals. In the case of stevensite, due to the partial destruction 
of its lamellar structure and consequent loss of exchange centres and the release of amorphous silica a remarkable 
decrease occurred in the capacity of methylene blue adsorption. In contrast, the acid treatment increased the meth-
ylene blue adsorption capacity of sepiolite, possibly due to a greater dispersion of fibrous particles which increased 
the exposed external surface available to the adsorption.

Iron oxide supported materials obtained with both natural and acid-activated clay minerals show a remarkable in-
crease in the capacities of methylene blue adsorption when compared with that of the starting materials. These im-
provements are related to the generation of new adsorption centres due to deposition of iron oxides on the external 
surfaces of natural and acid-activated clay particles. Nevertheless, this improvement was not observed with natural 
stevensite. This different behaviour was caused by a structural change. The treatment with FeCl3 and subsequent 
calcination of the stevensite causes the appearance of iron oxides strongly bonding the 2:1 stevensite layers and 
preventing the swelling behaviour and, consequently, losing the exchangeable sites in the interlayer positions. On 
the contrary, in the case of acid-activated stevensite, the increase of the adsorption centres by the addition of iron 
oxides compensates, to a great extent, the loss of swelling behaviour.
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DETERMINATION AND VALIDATION OF THE GRAIN SIZE OF BOOM 
CLAY

lander frederiCkx (1,2), mieke de Craen (1), miroslav Honty (1), reiner doHrmann (3), 
jan elsen (2)
(1) SCK•CEN, Mol, Belgium, (2) KU Leuven, Leuven, Belgium, (3) BGR, Hannover, Germany

In the context of a study into the mineralogy of the clay fractions of the Boom Clay of northern Belgium, a detailed 
examination of the grain size distribution is vital. Over the last years, the laser diffraction technique has become a 
standard technique for determining the grain size distribution. It is often favoured due to its high precision and fast 
measurement time. However, serious concerns have been expressed regarding the accuracy of the technique when 
it comes to measuring non-spherical particles such as clay minerals (e.g. [1] and [2]). To address this problem, a 
sample set covering the entire Boom Clay stratigraphy was analysed using the laser diffraction technique (Malvern 
Mastersizer) and a sedimentation technique (Micromeritics SediGraph 5100), which is considered to be more ac-
curate for non-spherical particles. Additionally, the bulk mineralogy of the entire sample set was determined using 
X-ray diffraction and certain size fractions were separated from a number of samples by centrifugation. 

Upon comparing the mass fraction <2 µm as determined by both grain size techniques to the total clay content as 
determined by X-ray diffraction, it becomes clear that the laser diffraction technique severely underestimates the 
clay content, while the SediGraph data seem to be a reasonable proxy for the total clay content. Additionally, the 
mass proportions of the fraction <2 µm separated by centrifugation compare better to the SediGraph data than to 
the laser diffraction data. In order to further investigate the correct partitioning of the size classes by centrifuga-
tion, the different fractions will be examined by SEM and/or TEM. This should provide independent evidence of 
the SediGraph technique as a valid tool for the determination of the grain size distribution of clay-rich sediments.

[1] Konert, M., Vandenberghe, J. (1997). Comparison of laser grain size analysis with pipette and sieve analysis: a solution for the underes-
timation of the clay fraction. Sedimentology, 44(3), 523-535.

[2] Verweij, H., Vis, G., Imberechts, E. (2016). Spatial variation in porosity and permeability of the Rupel Clay Member in the Netherlands. 
Netherlands Journal of Geosciences, 95(3), 253-268.
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SMECTITE ILLITIZATION PROBED BY FORCE-FIELD MOLECULAR 
DYNAMICS AND DENSITY FUNCTIONAL THEORY
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(1) Eni S.p.A. Upstream and Technical Services, San Donato Milanese I-20097, Italy, (2) Eni S.p.A. Upstream and Technical 
Services, Novara I-28100, Italy

There is a need to clarify the mechanisms and processes involved in the illitization of smectite that is one of the 
dominant diagenetic mineral transformations in a clay rich sediment during burial history. This reaction influences 
greatly the chemical and physical evolution of the sediments by controlling porosity and permeability, water re-
lease, overpressure and mechanical properties. 

Therefore our interest in this mineral transformation suggested the development of a series of Molecular Dynam-
ics simulations and Quantum Chemistry calculations, applied to a carefully selected set of three-dimensional clay 
models (for the smectite and illite end members) on the nanoscopic/mesoscopic scale. Our goal was the feasibility 
assessment of a quantitative description of the mobility of structural ions/interlayer water and of the elastic prop-
erties of the model structures undergoing external stresses due to compaction. A stepwise approach allowed testing 
this twofold task.

Thermochemical and crystallographic database searches, coupled with Density Functional Theory (DFT) energet-
ic/geometric relaxations, allowed the production of a detailed model for each mineral end member along the smec-
tite to illite transition. For the purpose we decided to adopt Na-beidellite as smectite and, because of its structure 
similarity, muscovite as representative of illite.

The dimensional expansion of the two original structures into a series of larger and more complex models (from 
42 to 420000 atoms for muscovite - from 210 to 2100000 atoms for Na-beidellite) preceded the assignment of the 
CLAYFF [1] force-field parameters to all atoms and the collection of MD trajectories produced by LAMMPS [2].

The alternative implementation into our MD calculations of a few different force-field parameters available in the 
literature for water molecules led to the comparison of their performances, in the specific context of restrained 
water diffusion in contact with mineral surface and within interlayer domains.

Clearly differing elastic properties and atomic mobility values in the two model series resulted from the analysis 
of performed MD simulations. Moreover, the diffusion coefficients calculated for water included into our models 
clearly illustrate a very different behaviour from bulk water solutions. Such difference has an impact on ion trans-
port phenomena and can possibly have a role in the smectite to illite transformation process.

[1] Cygan R.T., Liang J.-J., Kalinichev A.G. (2004). Molecular Models of Hydroxide, Oxyhydroxide, and Clay Phases and the Development 
of a General Force Field. J. Phys. Chem. B, 108, 1255-1266.

[2] Plimpton J., (1995). Fast Parallel Algorithms for Short-Range Molecular Dynamics. J. Comp. Phys., 117, 1-19.
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CONTROLLED ENERGY TRANSFER AND SUBSEQUENT ELECTRON 
TRANSFER ACROSS THREE MOLECULES ASSEMBLED ON SAPONITE 
SURFACE

takuya fujimura (1)*, elamparutHi ramasamy (2), yoHei isHida (3), tetsuya sHimada (4,5), sHinsuke 
takaGi (4,5), vaidHyanatHan ramamurtHy (2) 
(1) Department of Physics and Materials Science, Interdisciplinary Graduate School of Science and Engineering, Shimane 
University, Matsue, Shimane 690-8504, Japan, (2) Department of Chemistry, University of Miami, Florida 33146-0431, 
United States, (3) Division of Material Science and Engineering, Faculty of Engineering, Hokkaido University, Sapporo, 
Hokkaido 060-0808, Japan, (4) Department of Applied Chemistry, Graduate School of Urban Environmental Sciences, 
Tokyo Metropolitan University, Hachioji, Tokyo 192-0397, Japan, (5) Tokyo Metropolitan University, Center for Artificial 
Photosynthesis, Hachioji, Tokyo 192-0397, Japan 
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Clay minerals have attracted great interest as a host material for photofunctional organic-inorganic hybrid systems 
as well as photochemical reaction fields over the past decade [1,2]. Several reports demonstrated the excited energy 
transfer reaction between co-adsorbed dyes on clay surfaces [3]. These results should promise that artificial light 
harvesting system can be construct by dyes assemblies on clay surfaces. However, there have been few reports about 
energy transfer and subsequent photoinduced electron transfer reaction, which were performed in initial process of 
photosynthesis. In this research, we demonstrated the energy transfer and subsequent electron transfer across three 
molecules adsorbed on clay surfaces. To realize this sequential reaction, three kinds of the dyes, which are energy 
donor (EnD), energy acceptor (EnA) (as well as electron donor (elD)) and electron acceptor (elA) would be neces-
sary, and unfavorable electron transfer between EnD and others have to be suppressed. In our novel strategy, EnD 
was encapsulated by organic cavitand molecule to suppress the unfavorable electron transfer. Synthetic saponite 
clay was used as host material and dispersed in water to obtain exfoliated nano-sheets. Energy donor (2-acety-
lanthracene) was encapsulated in cationic organic cavitand. Tetrakis(1-methylpyridinium-4-yl) porphyrinato zinc 
and 1,10-bis(2,4-dinitrophenyl)-4,40-bipyridinium were used as EnA (as well as elD) and elA, respectively. These 
molecules were anchored on exfoliated saponite clay surfaces by electrostatic interaction. Judging from UV-Vis. 
absorption spectra and fluorescence studies, anchored dyes on saponite surfaces were not aggregated even at high 
dye loadings [4]. Occurrence of energy transfer reaction was observed by steady-state and time-resolved fluores-
cence measurements. Fluorescence of EnD was quenched by addition of EnA instead of fluorescence enhancement 
of EnA insteady-state fluorescence spectra. It indicated that occurrence of excited energy transfer reaction from 
EnD to EnA. Furthermore, appearance of rise component observed by time-resolved fluorescence decay of EnA 
was also indicates the occurrence of energy transfer reaction. Electron transfer from EnD or EnA( as well as elD) 
was confirmed by fluorescence quenching reaction. When encapsulated EnD and elA were adsorbed on saponite 
surface, fluorescence intensity of EnD was almost kept. It indicated that electron transfer from encapsulated EnD to 
elA, which is unfavorable electron transfer, was suppressed. On the other hand, when EnA and elA was co-adsorbed 
on saponite surface, fluorescence of EnA was strongly quenched. It suggests occurrence of electron transfer from 
excited EnA to elD. To demonstrate sequential energy and electron transfer, EnD, EnA and elA were adsorbed on 
saponite surface and steady-state fluorescence spectra were measured. The reduced fluorescence intensity of EnD 
indicated the occurrence of energy transfer reactionfrom EnD to EnAeven in presence of elAbecause fluorescence 
of EnD was not quenched by elA. Then fluorescence intensity of EnA was decreased with increased loading level 
of elA. It indicated that electron transfer reaction proceeded between excited EnA and elA. Occurrence of energy 
transfer reaction was also confirmed by time-resolved fluorescence from EnA. Judging from these results, sequen-
tial energy and electron transfer reaction proceeds across three molecules assembled on saponite. The efficiency of 
energy and electron transfer were calculated as 71% and 81%, respectively. In addition, energy loss (fluorescence 
quenching of EnD without quenching via energy transfer) was suppressed under 5%.

[1] T. Shichi, K. Takagi (2000). Clay minerals as photochemical reaction fields, J. Photochem. Photobiol. A, 113.
[2] S.Takag, T. Shimada, Y. Ishida, T. Fujimura, D. Masui, H. Tachibana, M.Eguchi, H. Inoue (2013). Size-Matching Effect on Inorganic 

Nanosheets: Control of Distance, Alignment, and Orientation of Molecular Adsorption as a Bottom-Up Methodology for Nanomaterials, 
langmuir, 2108.

[3] Y. Ishida, R. Kulasekharan, T. Shimada, S. Takagi, V. Ramamurthy (2013). Efficient Singlet-Singlet Energy Transfer in a Novel Host-
Guest Assembly Composed of an Organic Cavitand, Aromatic Molecules, and a Clay Nanosheet, Langmuir, 1748.

[4] T. Fujimura, E. Ramasamy, Y. Ishida, T. Shimada, S. Takagi, V. Ramamurthy (2016). Sequential energy and electron transfer in a 
three-component system aligned on a clay nanosheet. Phys. Chem. Chem. Phys., 5404.
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DYNAMIC OF ORGANIC SPECIES IN ORGANO-CLAY / 
POLYPROPYLENE COMPOSITE BY QUESI-ELASTIC NEUTRON 
SCATTERING

yosHiaki fukusHima (1)*, takesHi yamada (1), kenji tamura (2), kaoru sHibata (3)
(1) Neutron Sci. & Tech. Center, Comprehensive Res. Org. for Sci.& Soc. (CROSS), Tokai, Japan, (2) Functional Clay 
Materials Group, Res. Center for Functional Materials, National Institute for Materials Science, Tsukuba, Japan, (3) J-PARC 
Center, Japan Atomic Energy Agency, Japan

Polymer-clay mineral nano-composite, in which the silicate layers are dispersed in an organic polymer matrix, 
have been widely studied. Although the properties of the hybrids should be controlled by interactions between the 
organic molecules and the silicate surface, there have been only a few approaches to study the interaction.

In this study, we tried to derive a molecular movement of organic molecules on the clay surfaces bya quesi-elastic 
neutron scattering (QENS). When the surfactants and organic polymer was co-existed on the silicate surface, they 
should get any freedom to moving at the temperature higher than their melting points. A backscattering QENS 
instrument [1] installed at Materials and Life Science Experimental Facility (MLF) in Japan Proton Accelerator 
Research Complex (J-PARC) was designed for measuring the dynamics of several tens MeV; corresponding na-
nosecond, order in nanometre order spaces, which should be suitable for study the surfactants and polymer chain 
movements in composites.

An organic clay was prepared by using the synthetic expandable fluoromica; ME100, cation exchanged for diocta-
decyl dimethyl ammonium. An atactic polypropylene (a-PP)and 33 wt% of the organic clay were kneaded at 170 
°C to get the exfoliation type [2] a-PP/Clay nanocomposite, followed by hot-press plates forming with about 70 
mm x 70 mm x 0.2~0.3 mmt. The composite and two reference samples; organic clay and a-PP, were checked by 
DSC in advance of the QENS measurements. The QENS spectra for the samples in aluminium containers were 
collected using BL02 installed in J-PARC with 0.28 Å-1<Q<1.7 Å-1, that is corresponding 3.7 Å<r<22.4 Å in real 
space, -40 MeV < energy transfer (ΔE) < 100 MeV and 3.7 MeV of energy resolution. As the incoherent scattering 
length of H for the neutron used in this experiment (λ=6.26 Å) is 80.26x10-24 cm2 that is great larger than those of 
Si (0.04 x10-24 cm2), Mg (0.04 x10-24 cm2), O (0.008 x10-24 cm2), F (0.008 x10-24 cm2) and C(0.0035 x10-24 cm2), 
information obtained by neutron incoherent scattering are mostly that from molecules containing hydrogen. The 
scattering properties and the Q- ΔE space range of the spectrometer are suitable to study the rotation or slow trans-
lational movement of organic molecules in the interlayer or on the surface of silicate layers.

The results temperature dependence of elastic scattering intensity (elastic scan) were well corresponded to those of 
the DSC. The obtained QENS spectra at 273K, 373 K and 453 K, where surfactant is change from being severely 
impaired to being fairly mobile at 373 K and a-PP was also changed at 463 K, reflected the motions of surfactants 
in interlayer spacing and polymer chains surrounding silicate layers. However, we could a little but non-negligi-
ble difference from those obtained for reference samples, organic clay and a-PP at the same temperatures, that is 
expecting a signal from the interaction between the surfactants and polymer chains on the surface of the silicate 
layers. The movement of surfactant in the interlayer region was also interesting that is obviously different from that 
of a bilayer membrane of a resemble surfactant [3].

We are expecting this method to be one of the useful tools to distinguish between hybrids and composites.

[1] Seto H., Itoh S., Yokoo T., Endoa H., Nakajima K., Shibata K., Kajimoto R., Ohira-KawamuraS., Nakamura M., KawakitaY., Nakaga-
waand H., Yamada T. (2017). Inelastic and quasi-elastic neutron scattering spectrometers in J-PARC. Biochimica et Biophysica Acta 
1861, 3651-3660.

[2] Giannelis E.P. (1992). A new strategy for synthesizing polymer-ceramic nanocomposites.JOM 44, 28-30.
[3] Sharma V.K., Mamontov E., Anunciado D.B., O’Neill H., Urban V. Nanoscopic Dynamics of Phospholipid in Unilamellar Vesicles: Effect 

of Gel to Fluid Phase Transition. J. Phys. Chem. B 119, 4460−4470.
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INHIBITION OF E. COLI GROWTH BY ADHERENCE TO SAPONITE 
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Research on clay minerals has received considerable attention in recent years, mainly for wide range of applica-
tion, negligible environmental pollution and low price. In medicine, they are used as an alternative therapy for 
gastrointestinal and skin disorders. Although, the exact mechanisms of action are not fully known, adsorption of 
different substances or cells to negative charged clay surface plays the key role in this process, because of high 
exchange capacity of cations. This property can be used in a preparation of hybrid nanomaterials and nanocompos-
ites, where the clay particles are carriers for biological active substances. Up to now, it has not been recorded any 
cases of resistance of microorganisms to clays, so it could be one of the promising alternative ways for eradication 
of microorganisms. Despite of intensive studies, there are a lot of unresolved questions related to the toxicity, 
immune response of host organism, or potential changes of gene expressions using clay nanoparticles. There is a 
need for analyse all of aspects of usage clay minerals to microorganisms, in pure form, as well as combined hybrid 
materials. 

In E. coli model, we tested adhesion of cells to saponite particles, associated with inhibition of cell growth. The iso-
lates are from different uro-infections and other sources from environment. All of isolates used in this study were 
identified biochemically (Enterotest 24, Coli test, Erba Lachema, Czech Republic) and confirmed by molecular 
analyses (restriction of 16S rDNA PCR products using enzymes BstBI and HaeIII or sequencing 16S rDNA). Our 
preliminary outcomes confirmed antimicrobial effect of saponite to reference strain E. coli CCM 3954 and some 
E. coli isolates in a scale of tested concentrations (from 0.5 mg/ml to 0.0125 mg/ml). The 0.5 mg/ml was evaluated 
as the concentration of saponite, which inhibited 50% of colony forming units CFU/ml of susceptible strains by 
plating samples on Mueller-Hinton agar, but 60% cells stayed metabolically active, evaluated by the viability assay 
by MTT reduction (3-[4,5-dimethylthiazol-2-yl]-2,5-diphenyl tetrazolium bromide), against the control without 
saponite. Using the technique of confocal laser scanning microscopy (CLSM) with the resazurine based viability 
staining (Almar Blue, 0.02% w/v) and FISH method we visualised the attachment of cells of different strains of E. 
coli to clay particles and their ability to form aggregates. In addition, we microscopically monitored the proportion 
of active (ribsosome containing) versus inactive cells after their adhesion to saponite particles in different time 
periods (4 h, 12 h and 24 h) via Fluorescence in situ hybridization (FISH). We hypothesized that a discrimination in 
behaviour of E. coli strains after their interaction with saponite could be associated with an expression of adhesins 
that is, generally, the E. coli strain-dependent characteristic. From the group of 4 tested genes for adhesins (fimA, 
pap, afa, aaf), the gene for FimA adhesin was proved by PCR and its presence was correlated with an increased 
adherence of 2 E. coli strains. 

This research was supported by Slovak Grant Agency under the contract no. APVV-15-0347 and with the support of COST organisation, Eu-
ropean cooperation in science and technology (COST-STSM-TD1305-33381).
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NEMATIC VS LAMELLAR ORDER IN COLLOIDAL AQUEOUS 
SUSPENSIONS OF NANOSHEETS
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Ordering 2D colloidal particles at the nanometer length-scale is currently a challenging and active research area 
in materials science [1]. Such ordering can spontaneously appear when anisotropic objects form liquid-crystalline 
phases. Well known for organic species, this tendency also exists for disk-like mineral particles [2,3], thus leading 
to nematic, lamellar and columnar mesophases [4,5]. In the case of nanosheets (defined as two-dimensional crys-
tallites of sub-micronic diameter and of well-defined, small, thickness comparable to the unit-cell size) [6], nemat-
ic and lamellar phases were reported for clay particles [7,8], graphene and graphene oxide [9,10], titanates [11] or 
niobates [12,13] but so far, no columnar phase was ever described for such objects. Among nanosheets, phospha-
toantimonate single layers (H3Sb3P2O14) were shown to display a liquid-crystalline lamellar phase [14] comprised 
of planar solid-like sheets (i.e. in which all atoms involved in a layer are covalently bonded) dispersed in water. 
Upon dilution, the lamellar spacing could be increased 100 fold, leading to 1D periodicities tunable from 1.5 to 225 
nm. For such systems, significant differences were observed for two compounds of the same family, H3Sb3P2O14 
and HSbP2O8, as the former leads to a lamellar phase whereas the latter only shows a nematic phase. Likewise, clay 
and graphene nanosheets self-assemble into nematic phases whereas niobates and phosphates sometimes display 
lamellar phases. The physical origin of such a difference in behavior remains largely unknown so far but might be 
ascribed to differences in sheet size, rigidity, polydispersity, and/or interaction potentials. 

In this context, we will present the results of our recent detailed structural investigation by polarized-light optical 
microscopy and x-ray scattering of both lamellar and nematic phases in the system of phosphatoantimonates. 

[1] Coleman J.N. et al.(2011). Two-Dimensional Nanosheets Produced by Liquid Exfoliation of Layered Materials. Science 331, 568-571.
[2] Gabriel J.-C.P., Davidson P. (2000). New Trends in Colloidal Liquid Crystals Based on Mineral Moieties. Adv. Mater. 12, 9-20.
[3] Davidson P., Gabriel J-C.P. (2005). Mineral Liquid Crystals. Current Opinion Coll. Inter. Sci. 9, 377-383.
[4] Brown A.B.D., Ferrero C., Narayanan T., Rennie A.R. (1999). Phase separation and structure in a Concentrated Colloidal Dispersion of 

Uniform Plates. Eur. Phys. J. B11, 481-489.
[5] Van der Kooij F.M., Kassapidou K., Lekkerkerker H.N.W. (2000). Liquid Crystal phase transitions in suspensions of polydisperse plate-

like particles. Nature 406, 868-871.
[6] Paineau E., Philippe A-M., Antonova K., Bihannic I., Davidson P., Dozov I., Gabriel J-C.P, Imperor-Clerc M., Levitz P, Meneau F., Mi-

chot L.J. (2013). Liquid-crystalline properties of aqueous suspensions of natural clay nanosheets Liq. Cryst. Rev.1, 110-126.
[7] Michot L.J., Bihannic I., Maddi S., Funari S.S., Baravian C., Levitz P., Davidson P. (2006). Liquid crystalline Aqueous Clay Suspensions. 

PNAS 103, 16101-16104.
[8] Paineau E., Antonova K., Dozov I., Bihannic I., Baravian C., Davidson P., Imperor-Clerc M., Meneau F., Madsen A., Levitz P., Michot 

L.J. (2009). Liquid-crystalline nematic phase in aqueous suspensions of a disk-shaped natural beidellite clay. J. Phys. Chem B. 113, 
15858-15869. 

[9] Kim J.E., Han T.H., Lee S.H., Kim J.Y., Ahn C.W., Yun J.M., Kim, S.O. (2011). Graphene oxide liquid crystals. Angew Chem Int Edit. 
50, 3043-3047. 

[10] Xu Z., Gao, C. (2011). Aqueous liquid crystals of graphene oxide. ACS Nano5, 2908-2915. 
[11] Sasaki T., Watanabe. M. (1998). Osmotic Swelling to Exfoliation. Exceptionally High Degrees of Hydration of a Layered Titanate. J. Am. 

Chem. Soc. 120, 4682-4689.
[12] Yamaguchi D., Miyamoto N., Fujita T., Nakato T., Koizumi, S., Ohta N., Yagi N., Hashimoto T. (2012). Aspect-ratio-dependent phase 

transitions and concentration fluctuations in aqueous colloidal dispersions of charged plate-like particles. Phys Rev E. 85, 011403.
[13] Miyamoto N., Fujita T., Nakato T. (2002). Liquid crystalline nature of K4Nb6O17 nanosheet sols and their macroscopic alignment. Ad-

vanced Materials 14, 1267-1270.
[14] Gabriel J.-C.P., Camerel F., Lemaire B.J., Desvaux H., Davidson P., Batail P. (2001). Swollen Liquid-Crystalline Lamellar Phase Based 

on Extended Solid-Like Sheets. Nature 413, 504-508.
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ELECTRON DIFFRACTION
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Illite is a widespread 2:1 phyllosilicate in soils and rocks, and its occurrence is for example known to have a direct 
impact on the permeability of sandstones and thus their oil reservoir potential. Several morphologies as well as 
different structural polytypes can be found within the same location. Statistical occurrence of different polytypes 
can be access by characterization using powder X-ray diffraction. However, concomitant analysis of both mor-
phology and crystal structure of individual particles requires the use of transmission electron microscopy (TEM).

Recent work allowed us to develop a methodology to identify the illite polytypic variety using selected area elec-
tron diffraction (SAED) based on the qualitative analysis of the intensity distribution within the SAED pattern 
observed along the [001] zone axis [1]. However, this orientation is experimentally challenging to access, and 
observation along several zone axes is often needed to confirm the polytypic identification.

With technological progress of TEM instruments, a more advanced electron diffraction technique is recently devel-
oping to explore a large portion of the reciprocal space and perform 3D crystallographic analysis as done widely 
with x-rays. Insight on the precession electron diffraction technique and new possibilities for illite polytype dis-
crimination will be presented.

[1] Gaillot, A.-C. et al. (2011). Phys. Chem. Minerals, 38:435-448.
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Galindo, César viseras, emilia Caballero, aránzazu peña*
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Clays have been proposed for many industrial applications mainly because of their wide-ranging properties, high 
resistance to atmospheric conditions, geochemical purity, easy access to their deposits near the earth’s surface and 
low price. In the seed agroindustrial market, coating seeds with nutrients is seen as an effective way of supplying 
starter fertilizer for the establishment and early growth of the seedlings. Thus, with the ultimate goal of designing 
enriched seed coatings, nine natural clay minerals (R1-R9) were collected fromthe eastern Andalusian region 
(south of Spain). The clays were evaluated for the retention of P, Mn and Zn, soil deficiencies of these nutrient 
elements have been reported [1]. The clays, characterized by X-ray powder diffraction and X-ray fluorescence, 
showed different mineralogical composition, consisting mainly of phyllosylicates (40-70%), quartz (13-25%)and 
calcite (up to 34%) and low organic carbon content (≤0.8%) [2]. The retention ability of the clays for the selected 
elements was established by batch adsorption studies and the experimental kinetic and adsorption data were fitted 
to various mathematical equations. Adsorption isotherms indicated that the maximum adsorption capacity on the 
analyzed clays was ranged as Zn>Mn>> P, as expected, because clays are hydrophilic and negatively charged 
and are therefore better adsorbents for cations than for anions. The highest amount of retained micronutrients, 
Zn and Mn, was found with R6 clay, possibly as a consequence of its highest amount of swelling clay minerals 
[2]. Meanwhile, amorphous aluminum oxides and iron compounds, higher inR7 and R9 [2], may be responsible 
for the larger capacity of these clays to adsorb P. Adsorption rates depended on the nutrient and the clay:the most 
rapid kinetics corresponded to R2 for Mn, to R6 for Zn and to R7 for P. In all cases Zn showed slower adsorption 
rates. The pseudo-second order model adequately explained the experimental kinetic data of Mn, Zn and P on the 
different adsorbents. Clays were able to retain nutrients for long periods of time (up to 96 days) and desorption 
was inversely related with adsorption. Simultaneous addition on selected clays of Zn and Mn led to significantly 
largernutrient desorption. The co-presence in clays of various elementsaffected their release, so this aspect de-
serves special attention in coating design. Results obtained suggest the feasibility of using these clay materials 
enriched with nutrients for seed coating.

This study was supported by ERDF co-financed grant from the Ministry of Science and Innovation (Recupera-2020, no. 20133R074). Thanks 
to Granada Coating (Motril, Granada, Spain) for technological assessment.

[1] Baligar V.C., Fageria N.K., He Z.L. (2001). Nutrient use efficiency in plants.Commun. Soil Sci. Plant Anal. 32, 921-950.
[2] Rodríguez-Liébana J.A., López-Galindo A., Jiménez de Cisneros C., Gálvez A., Rozalén M., Sánchez-Espejo R., Caballero E., Peña A. 

(2016). Adsorption/desorption of fungicides in natural clays from Southeastern Spain. Appl. Clay Sci. 132-133, 402-411.
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APPRAISING SOIL COMPONENTS GOVERNING THE SORPTION OF THE 
MONOTERPENE CARVONE IN AGRICULTURAL SOILS
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There is a worldwide trend to decrease the application of synthetic chemicals against pests. This trend is a conse-
quence of the manifested environmental contamination and gradual pest resistance problems associated with the 
application of traditional pesticides. In this regard, the use of new pesticide active ingredients based on natural 
products has been proposed to increase the sustainability of agricultural activity [1]. For instance, some secondary 
metabolites in plants can be the source of inspiration to formulate new biopesticides. Such is the case of several 
monoterpenes, including carvone. Carvone exists in nature as two enantiomers, R-carvone and S-carvone, both 
with pesticidal properties. R-carvone has been proposed for use as an insect repellent and S-carvone as a plant 
growth regulator. Herbicidal properties have also been attributed to R-carvone [2]. In this work, the sorption of 
carvone enantiomers in six agricultural soils was assessed to determine the relationship between sorption and 
soil properties. Several model sorbents were also used to establish the role of mineral and organic colloidal com-
ponents in carvone sorption. The results for this preliminary study could help to elucidate the behavior of these 
natural compounds in soil and could also be valuable to design new carvone-based pesticide formulations by sup-
porting the active ingredient on clay minerals.

The batch sorption technique was used as a conventional method to assess the sorption of RS-carvone on the dif-
ferent agricultural soils selected, mainly characterized by their relatively low organic carbon content and different 
clay content and mineralogy. The model sorbents chosen to correlate the sorption observed in soils were three ref-
erence phyllosilicates (kaolinite, illite, and montmorillonite), a lab-synthesized Fe-oxide (ferrihydrite) and an ol-
ive-mill waste (OMW), the latter as representative of natural organic matter. The analysis of carvone was conduct-
ed using chiral high performance liquid chromatography (HPLC) to assess the individual sorptive behavior of the 
R- and S-carvone enantiomers. Distribution coefficients, Kd (L kg-1), were calculated to express carvone sorption.

Overall, the sorption of carvone was relatively low, with Kd values ranging between 0.23 and 1.26 L kg-1, and was 
non-enantioselective, meaning that both enantiomers were sorbed equally on the soils. Correlations showed that 
organic matter was the most important component determining the sorption of carvone on the soils (r = 0.917, p < 
0.05), which was supported by the higher sorption of carvone on OMW (Kd = 26 L kg-1) compared to the mineral 
model sorbents (Kd < 6.3 L kg-1). There was no positive correlation (p > 0.05) between carvone sorption on soils 
and the clay content, our results showed that the extent of sorption was affected by the mineralogy of the clay frac-
tion. Thereby, relevant affinity of carvone towards expandable montmorillonite in contrast to kaolinite and illite 
was observed. Ferrihydrite exhibited similar sorption properties respect to montmorillonite. The sorption followed 
the order: montmorillonite > ferrihydrite > illite > kaolinite.

Our results indicated that the organic carbon content can be a good predictor for carvone sorption in the soil. How-
ever, clay mineralogy, specifically the presence of (expandable) smectites, could also be significant for the sorption 
of this organic compound in soils with low organic carbon content. Furthermore, the affinity of carvone towards 
smectitic minerals suggests the possibility of using these materials for the preparation of carvone formulations 
based on natural or modified clays as carriers.

Acknowledgment: MINECO Project AGL2014-51897-R and Junta de Andalucía Research Group AGR-264.

[1] Cantrell C.L., Dayan F.E., Duke S.O. (2012). Natural products as sources for new pesticides. Journal of the Natural Products, 75, 1231-
1242.

[2] De Martino L., Mancini E., Rolim de Almeida L.F., de Feo V. (2010). The antigerminative activity of twenty-seven monoterpenes. Mol-
ecules, 15, 6630-6637.
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MIXED OXIDES DERIVED FROM HYDROTALCITE FOR DRY 
REFORMING OF METHANE
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Use of CO2 as a chemical feedstock represents an effective route to reduce emissions of this agent of climate 
change. In Dry Reforming of Methane, DRM, (CO2 + CH4 ↔ 2H2 +2CO; DH0 = 247 kJ·mol-1) two greenhouse 
gases are catalytically converted to syngas, a key intermediate in important chemical processes, such as the pro-
duction of light hydrocarbons by Fischer-Tropsch synthesis. One of the main problems in DRM is the formation of 
carbonaceous deposits on the surface of the catalyst. A possible solution for reducing carbon formation is the use of 
selective active phases and suitable supports. In this respect, the use of hydrotalcite-based supports is a challenging 
option due to the presence of basic centers which adsorb CO2 species capable of reaction with the formed carbon.

In this work, Co, Fe and Ni mixed oxides (from 1 to 20% nominal content) were prepared by impregnation of a 
commercial hydrotalcite with metal salts. The materials were characterized by N2 adsorption-desorption experi-
ments, X-ray diffraction (XRD), temperature-programmed reduction in H2 (TPR) and determination of acidity by 
NH3 adsorption. According to the characterization results, mixed oxides and spinels with high crystallinity were 
present in the samples. Several degrees of interactions between the metal phases and the support were observed, 
especially in the case of iron and cobalt. All solids had a meso-macroporous texture and a NH3 acidity that de-
creased with the incorporation of the metals. The catalytic behavior in DRM was studied at the temperature range 
500 - 700 ºC, at atmospheric pressure. The reactivity in the reforming reaction followed the order Ni>Co>Fe. Iron 
catalysts had a low activity under the studied conditions. Cobalt and nickel catalysts, especially the ones with metal 
content higher than 5%, had a considerable activity in the DRM reaction. The sample containing 10% Ni was the 
most active and stable catalyst. In order to better explain the behavior of the samples and the possible effect of the 
support on the reaction, high temperature (300 ºC) CO2 adsorption experiments were performed with the samples 
containing 5% metal. A similar tendency (Ni>Co>Fe) was found.
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The present work deals with a set of different clay minerals including three reference clays - kaolinite (KGa1, 
Georgia kaolins), dioctahedral smectite (SWy-1, Wyoming Bentonite), dioctahedral calcium smectite (SAz-1, 
Cheto Bentonite)- and two industrial clays: trioctahedral saponite (saponite Yunclillos supplied by Tolsa) and trioc-
tahedral hectorite (Bentone HC, supplied by Elementis). The studied set includes clay minerals with two different 
structures: kaolinite, with dioctahedral 1:1 layer type without layer charge and smectite, presenting dioctahedral 
2:1 layer type with low layer charge [1]. The aim of the work was to characterize the XRD microstructural charac-
teristics and the behaviour of suspensions of that materials.

The particle size distributions (obtained by laser diffraction) and chemical compositions (obtained by ICP, INAA, 
ICP/MS and XRF techniques) of the samples are provided. XRD microstructural powder difraction analysis (per-
formed by the Voigt function method [2]) and multiple scattered light analysis of diluted aqueous suspensions (2% 
volume fraction) were obtained for <0.5 μm and <20 μm fractions of each sample.

Values of crystallite size by the Voigt function method [2] (Dv of 001*) were determined for both, ethylenglyco-
lated and untreated materials, with ranges 61-77 nm for kaolinites and 3-9 nm for smectites. XRD microstructural 
characteristics of the minerals allowed the interpretation of the behaviour of the aqueous suspensions of the ma-
terials. 

MLS analyzer gave different kinds of sedimentation (individual, compression, in mass, heterogeneous and by 
agglomeration) [3] and flocculation rates (0%/d -14%/d) of aqueous suspensions, and their sequence was found to 
be in agreement with the increasing sequence of measured XRD sizes

[1] Bailey S.W. (1980). Structures of Layer Silicates. Crystal Structures of Clay Minerals and their X-Ray identification.
[2] Langford J.I. (1978). A rapid method for analysing breadths of diffraction and spectral lines of the Voigt function, Journal of Applied 

Crystallography, 11, 10-14. 
[3] Blazy P., Jdid E.A., Bersillon J.L. (1999). Décantation. Aspects théoriques. Traité Génie des procédés. Techniques de l'ingénieur.
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ACTIVATION EFFECTS OF PHYLLOSILICATES IN CLAY MINERAL 
BASED WASTE FOR USE AS SUPPLEMENTARY CEMENTITIOUS 
MATERIALS
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The manufacture of cements and concretes calls for new sources of products with high pozzolanic activity, which 
can help to improve the mechanical performance and the durability of the resulting matrix. These products will 
also reduce production costs and environmental impact.

The environmental impact of the accumulation of coal waste because of mining activity creates a need to study 
eco-innovative solutions for the exploitation of these waste products, aimed at recovering the mineral and energet-
ic resources in a systematic way at the lowest cost to the environment. 

Coal waste is formed of phylosillicates, illite, and kaolinite among other minerals. Controlled thermal activation of 
these phyllosilicates yields materials with high pozzolanic properties. Previous research exists on the addition of a 
chemical agent (ZnO) to natural kaolinite before the thermal activation treatment, in order to increase the chemical 
reactivity of the metakaolinite. 

However, there is nothing in relation to kaolinite based industrial waste. For this reason, in this paper, the combined 
effects of temperature (600 °C / 2h) and a chemical agent (3% wt. of ZnO) on the mineralogy and pozzolanic properties 
of the coal waste are studied at 1 and 7 days of hydration time, through different techniques of characterization (XRF, 
XRD, SEM/EDX, TG/DTG, Raman, FT-IR). 

The results are compared with those obtained for 100% coal waste under the same test conditions. The initial scientific 
results in this work on the effect of ZnOas a possible activator of recycled phyllosilicates obtained from industrial waste 
were not promising. 

Acknowledgements: this research was funded by the Spanish Ministry of the Economy and Competitiveness under the coordinated project 
BIA2015-65558-C3-1-2-3R (MINECO/FEDER). They are also grateful both to the Sociedad Anónima Hullera Vasco-Leonesa (Spain), SIKA 
(Madrid, Spain) and to the Spanish Cement Institute (IECA) for their assistance.
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FORMATION OF LDH (PHYLLOSILICATE/CARBONATE) TYPE 
COMPOUNDS IN THE POZZOLANIC REACTION OF INDUSTRIAL 
WASTE CONTAINING PHYLLOSILICATES

isabel sánCHez (1), marío ramírez (2)*, raquel viGil de la villa (2), rosario GarCía (2), 
antonio zapardiEL (1)
(1) UNED, Departamento de Ciencias Analíticas; azapardiel@ccia.uned.es, 28040 Madrid, Spain, (2) UAM, Departamento 
de Geología y Geoquímica, 28049 Madrid, Spain 
*mario.ramirez@uam.es, raquel.vigil@uam.es, rosario.garcia@uam.es

The exploitation of any sub-product or waste generated during an industrial process has, at present, great impor-
tance from various perspectives: scientific, technical, economic, energetic and environmental. One avenue open to 
the construction sector, for the exploitation of these solid industrial waste products, is their incorporation as active 
additions to cement. 

Mineralogically, some industrial wastes are formed of an organic fraction and inorganic compounds among which 
the phyllosilicates are prominent. Controlled thermal activation of phyllosilicates yields dehydroxylated products 
with high pozzolanic properties. Hydrated crystalline phases and amorphous phases appearing during the pozzo-
lanic reaction in a dehydroxylated phyllosilicate/lime system. 

Layered Double Hydroxides (LDHs) are laminar layers of hydroxides with a positive laminar charge in the inter-
laminar region that is compensated by the presence of anions. In this structural group, both hydrotalcite (defined 
as the superimposition of octahedric layers of magnesium and aluminium hydroxides) and carboaluminate (super-
imposition of octahedric layers of magnesium and aluminium), are found. This process generate an excess positive 
charge in the interlaminar region that is compensated by anions; when the anion that neutralizes that charge is the 
carbonate anion, the spacing measured by X-Ray diffraction is 7.57 Å. The material formed in the pozzolanic re-
action of industrial waste comprising the phyllosilicates could be included in this structural group.

In this study, the LDH (phyllosilicate/carbonate) phase, formed after 28 days of pozzolanic reaction in a metaka-
olin/lime system, is characterized using FRX, DRX, SEM-EDX, TG/ATD, FTIR, BET, RMN-MAS and Raman 
spectroscopy. The metakaolin was obtained from a mix of 50% kaolinite and 50% calcite, thermically activated at 
600 ºC and 750 ºC, respectively for 2 hours. 

The LDH (phyllosilicate/carbonate) type compound may be considered the superposition of tetrahedric layers of 
silica and octahedric layers of aluminium, dehydroxylated type 1:1 kaolinite/phyllosilicate, generating a positive 
charge in the interlaminar region that is compensated by carbonate anions, increasing the spectrographic spacing 
to 7.57 Å.

Acknowledgements: this research was funded by the Spanish Ministry of the Economy and Competitiveness under the coordinated project 
BIA2015-65558-C3-1-2-3R (MINECO/FEDER).



Scientific Research Abstracts
Vol. 7, p. 288, 2017
ISSN 2464-9147 (Online)
XVI International Clay Conference | ICC 2017 | Granada, Spain
© Author(s) 2017. CC Attribution 3.0 License

MINERALOGY AND SPECTRAL RESPONSE OF TERTIARY - 
QUATERNARY SEDIMENTS FROM THE ESQUIVIAS AREA (TAJO BASIN, 
SPAIN)
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The Tajo Basin is an intracratonic basin located in the centre of the Iberian Peninsula, originated by the alpine 
deformation and with its evolution was conditioned by the late variscan deformation. It was filled during the Ter-
tiary by materials coming from the surrounding mountain ranges (Cordillera Ibérica, Sierra de Altomira, Sistema 
Central and Montes de Toledo). This basin is one of the most important deposits of the world of sepiolite and 
saponite, being particularly rare due to the high content in magnesic clays and to the lack of potential source rocks 
with high content in Mg. The spectral response of these magnesic clays in the NIR is discriminating, which enables 
their identification and mapping on the land surface by remote sensing. This work presents the preliminary results, 
concerning to the mineralogical composition and its relation with the spectral response in the NIR spectra, as a 
base for the study by remote sensing of this rich in Mg clays area. For this work, we have collected 48 superficial 
ground samples (~15 first centimetres) from an area of the Tajo Basin, at the south of Madrid, sampling the sur-
face of formations both from the Tertiary (mainly Miocene) and from the Quaternary. Samples TES1 - TES7 were 
collected to the south of the locality of Borox (Toledo, Spain),. Samples TES8 - TES23 were collected along a 
pathway between the localities of Borox and Numancia de la Sagra, while samples TES24 - TES48 were collected 
along a different pathway between the same localities, approximately 1.5km to the south of the previous one. 

The mineralogical composition of the samples were obtained by X-Ray Diffraction (XRD) using a diffractome-
ter with CuKα radiation, both powder and oriented aggregates and their treatments to study the clay fraction. A 
semi-quantification of these mineral phases was performed through the reflective power method. We obtained the 
spectral response, both with the original texture as well as powdered sample, using a spectroradiometer with arti-
ficial light at the laboratory. Statistic treatment was performed by using the SPSS software.

The minerals identified in these samples were quartz, calcite, dolomite, gypsum, k-feldspar and plagioclase, along 
with several phyllosilicates such as smectite, illite, chlorite and kaolinite. Sepiolite was identified only in a sam-
ple close to Numancia de la Sagra. Regarding to the mineralogical composition, different associations have been 
defined: illitic, quart-feldspar, gypsum, and carbonatic associations. On the other way, the recorded spectra have 
been also classified in several groups according to the position and depth of the absorption bands and the maxi-
mum reflectance. A statistic treatment of mineralogical composition (proportion of each mineral and association 
type) and grouping of spectra had been made. The obtained results indicate that the spectra groping made could be 
extrapolate and help to identify and mapping the area in terms of mineralogical composition.

Acknowledgments: this study was supported by BES-2013-065092 and CGL2016-77005-R projects (MINECO).
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Zeolites are extensively produced by hydrothermal treatment of different raw materials, as kaolin, metakaolin, or 
fly ash among others. The use of waste materials, by products of energy production or ceramic industry, in zeolites 
synthesis give them an added value as well as routes for their recycling.

Sanitary ware (SW) is a ceramic ware usually found in sinks, urinals and bathtubs whose production is led by 
Spanish domestic clay product industry. SW manufacture involves the use of kaolin, white clay and feldspar. The 
industrial production of SW generates approximately 8% of solid wastes in Spain, which increases landfills sizes 
and pose economic, social and technical problems [1,2].

This study aims to evaluate the feasibility of SW to produce zeolites once subjected to a conventional hydrother-
mal treatment during different times (1-30 days) and temperatures (100 - 200 ºC). Ground SW (2 g) were added 
to 10 mL of NaOH (5 M) inside a Teflon-lined stainless steel reactor (Parr 4744). Hydrothermal treatment was 
quenched with cold water. Solution was discarded and solid phases were washed 10 times with purified water, 
dried at 50 ºC and then manually ground. No special precautions were taken to prevent atmospheric CO2 taking 
up during the process.

X-ray powder diffraction (XRD), Fourier-transform infrared spectroscopy (FT-IR) and scanning electron micros-
copy (SEM) were used to characterise both the raw material and resultant minerals phases. Additionally, chemical 
composition, major and trace elements, of SW was obtained by X-ray fluorescence (XRF).

Quartz and mullite present in SW transform into zeolites, as temperature and time increase, whereas zircon re-
mains unreacted. Cancrinite (CAN), analcime (ANA) and sodalite (SOD) were the main zeolitic phases identified. 
Cancrinite crystallization is favoured by high temperatures, from 150 ºC to 200 ºC, while sodalite is formed pref-
erentially at temperatures lower than 150 ºC; analcime behaves as a metastable phase, that crystallizes at short time 
(e.g., 1-7 days, 150 ºC) and disappear at longer reaction time.

We can conclude conventional SW wastes are an optimal raw material for zeolites synthesis under high alkaline 
hydrothermal conditions. Combining time and temperature it is possible to drive crystallization towards a particu-
lar phase.

Acknowledgements: this research was supported by funding from MINECO (CGL2004-55108P). FGV benefit from JAE-Intro (CSIC) and 
FPU (MECD) grants.

[1] Medina C., Frías M., Sánchez de Rojas M.I. (2012). Microstructure and properties of recycled concretes using ceramic sanitary ware 
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ANDALUSIAN PEATS IN HEALTH CARE FORMULATIONS. 
I. COMPOSITION OF THE RAW MATERIALS 
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Peats are natural materials with dark-brown colour resulting from transformation of vegetable wastes under an-
aerobic conditions in humid ambient. They are mainly composed of water and organic molecules (humic acids, 
humin and fulvic acids, lignin, cellulose, pectins). Peats also contain minor amounts of minerals, including clay 
minerals. Organic peat compounds have demonstrated biologic activities which make them potentially useful in 
topical health care [1]. Inorganic components, and in particular clay minerals, may greatly influence the techno-
logical and biopharmaceutical properties of peats, as for example, stability and rheology of the solid/water systems 
or bioavailability of the organic actives when topically applied, as happens with similar clay/organic systems [2]. 
Consequently, detailed identification of the mineral phases associated with organic substances in peat deposits 
must be considered in the design of semisolid health care formulations with these materials [3]. 

With these premises, three consecutive strata (P1, P2 and P3 from top to bottom) from a peat deposit in El Padul, 
(Granada, Spain) were characterised by X-ray powder diffraction (XRPD), thermogravimetric analysis (TGA) and 
elemental analysis (EAN). XRPD were done by using a Philips® X-Pert diffractometer with Cu Kα radiation. TGA 
analysis were carried out using a METTLER TOLEDO mod. TGA/DSC1 with FRS5 sensor and a microbalance 
(precision 0.1 μg) (Mettler-Toledo GMBH) under aerobic conditions in the interval 30-950 °C at 10 °C/min. EAN 
analysis of the samples were carried out with a CHNS/O analyser, FLASH 2000 model (Thermo Scientific).

P1 was mainly composed of chlorite and appeared as brownish-grey colour material whereas P2 showed an intense 
black colour and was composed mainly of organic matter and P3, with a grey tonality, was formed mainly by car-
bonates. TGA curves showed a first weight loss at around 100ºC attributed to water loss with values of 24% w/w 
(P1), 76% w/w (P2) and 35% w/w (P3). Total weight loss of the samples achieved 32% w/w (P1), 92% w/w (P2) 
and 64% w/w (P3), including loss of organic matter and carbonates. EAN results confirmed P2 (with 37% of C) 
as the stratum with highest amount of organic matter, while P1 only possessed 2% w/w of C; the higher amount of 
C in P3 stratum (13% w/w) was due to carbonates since N only accounted 0.12% w/w in this sample. Design of 
topical formulations with different proportions of P1, P2 and P3 would be necessary to obtain systems with optimal 
technological and biopharmaceutical properties. 
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Peat baths are semisolid systems used in Medical Hydrology and cosmetic treatments on the basis of chemical and 
physical mechanisms [1,2]. Classical use of these materials in the spa centres does not imply any manipulation or 
improvement of the solid/water system. However, it is well known that performance of semisolid topical formula-
tions is strongly affected by their composition and preparation conditions. It has been fully demonstrated that rhe-
ology of solid/liquid systems determines their physical stability and applications [3]. The presence of clay minerals 
greatly influences technical and pharmaceutical parameters making necessary a systematic design of formulations 
with a view to optimize these topical systems [4]. In a previous work, composition of three different strata of an 
Andalusian peat deposit has been studied [5]. In detail, three consecutive strata (P1, P2 and P3 from top to bottom) 
from a peat deposit in El Padul, (Granada, Spain) were characterised by X-ray powder diffraction, thermogravim-
etry and elemental analyses. Compositional differences in the three strata allowed to conclude the necessity of 
formulate semisolid systems composed with different proportions of each stratum to obtain optimized baths. With 
these premises, in this work, dispersed system produced by mixing different proportions of P1, P2 and P3 were 
prepared and the resultant technological properties were determined including extensibility, cooling kinetics, pH 
and water retention. The results were then used to define the feasibility as semisolid health care formulations. 

Extensibility was measured following the normalized method of Spanish National Formulary [6]. Cooling of the 
systems was measured following Cara et al., 2000 [7]. Crison 25+ pH-meter, equipped with a solid electrode (pH 
2-11, Code 5053T), was used to determine pH of all the systems. Water retention capacity was evaluated by adding 
known volumes of purified water to the systems.

Extensibility, pH and water retention greatly depended on the composition of the systems, making necessary com-
bination of the different stratum to obtain optimized peat baths. In particular, medium-high amount of P2 resulted 
in higher extensible systems, but presence of P1 and P3 was necessary to control final pH and water retention. 
Cooling kinetics depended on the solid/liquid proportion and secondarily on the solid composition.
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REGENERABLE STIMULI RESPONSIVE PVP-CLAY GRAFT 
COMPOSITES FOR THE REMOVAL OF HERBICIDES AND OXYANIONS 
FROM WATER
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In recent years, many studies have reported the development of polymer-clay composite sorbents for specific and 
high pollutant removal. High affinity of the pollutants to these sorbents frequently causes regeneration and reuse to 
be extremely challenging, due to irreversible binding and/or due to polymer loss during regeneration. In the current 
study, we aimed to develop new regenerable polymer-clay sorbents based on covalently grafted poly vinylpyridine 
(PVP) to montmorillonite. PVP grafted chains extends or collapses upon pH decrease and increase, respectively, 
due to gaining or losing monomer charge. The sorbents were prepared in four stages: 1. Acid activating the clay 2. 
Covalently grafting 3-aminopropyltriethoxysilane (APS) to the clay (determines grafting density) 3. Surface initi-
ation with 2-bromoisobutyryl bromide and 4. Surface initiated atom transfer radical polymerization (SI-ATRP) of 
PVP. The sorbents were characterized by zeta potential, XRD, FTIR, TGA and XPS measurements. The colloidal 
size of the new composites can reversibly shrink to nearly a quarter of its original size, upon pH change from 2.5 
to 8. Finally, the removal of herbicides and oxyanions by the sorbents and their recovery was explored. Adsorption 
of selenium to the composites depended mainly on the surface zeta potential, which increases with PVP chain 
length, while the adsorption of atrazine did not depended on polymer loading. Selenium and atrazine adsorption 
and desorption was demonstrated as a function of pH. Selenium filtration by composite columns presented a high 
capacity of 22.4 mg Se per g and column regeneration was achieved by increasing pH with 90% selenium desorp-
tion. Re-activation of the regenerated sorbent was performed by washing it with an acidic solution. Re-adsorption 
of selenium was as high as the first cycle and no polymer desorption was observed.
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The sol-gel process, involving hydrolysis and condensation reactions is an attractive way to form siloxane based 
hybrid materials since it is a one-step method performed under mild conditions. Organic-inorganic talc-like hy-
brids (TLH) can be obtained by this procedure starting from organotrialkoxysilanes with different functionalities, 
an ethanolic solution of magnesium salts, and in some case, an aqueous solution of sodium hydroxide. By this 
way, organic moieties are covalently bonding to the silicon of the tetrahedral sheets and pending in the interlayer 
space. The interesting feature in this case is that as many organotrialcoxysilanes are on the market, a wide range 
of organic moieties can be introduced as pending groups in the interlayer space leading to applications in various 
fields such as heavy metal cations chelation or fillers for polymers. 

In this context, the purpose of our work was to study the mechanism of formation of these attractive compounds by 
using an innovative approach, i.e. by investigating the hydrolysis and condensation reactions occuring during the 
formation of TLH by high resolution 1H, 29Si and 31P liquid nuclear magnetic resonance (NMR) and then charac-
terize the obtained solids by 29Si and 31P solid state NMR and powder X-Ray diffraction. Diethylphosphatoethyltri-
ethoxisilane (SiP) and magnesium nitrate were used as silicon and magnesium sources respectively. The influence 
of the magnesium nitrate on the hydrolysis and condensation of SiP as well as the relative concentration of NaOH 
aqueous solution used for the synthesis and the pH value of the reaction media were carefully studied. 29Si liquid 
nuclear magnetic resonance (NMR) results indicated that magnesium nitrate increases dramatically the hydrolysis 
rate of SiP. The obtained results suggest also a scission of Si-O-Si or Si-O-Mg bonds for pH values up to 10 and 
whatever the NaOH concentration, a modification of the phosphorous local environment. 
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The development of fire retardant polymer nanocomposites containing montmorillonite or lamellar double hydrox-
ides has been extensively investigated. Particular attention has been paid to the modification of the inorganic filler 
with organic surfactant or to the modification of the processing technology in order to evenly disperse the nano-
filler in the matrix. However, even if success has been achieved on the dispersion of the filler at a nanoscale, these 
materials by themselves are unable to pass some fire tests of interest such as for example UL-94. This is generally 
explained by the fact that upon burning, the accumulation on the sample surface of the initially well dispersed 
platelets forms a protective barrier that delay the release of combustible gases to feed the flame [1]. However, the 
presence of the filler does not affect the composition and the quantity of gases. With such organo-modified nano-
filler, the combustion cycle is thus not interrupted but the combustion is delayed [2].

In that frame, the aim of this presentation is to investigate the use of new hybrid organic-inorganic systems includ-
ing organic moieties covalently bonded to the tetrahedral sheets of the talc-like structure. With such an approach, 
it is expected to form of a highly cohesive structure when the material burns that will allow to interrupt the com-
bustion of the polymer leading to improved fire retardant performance.

Talc like hybrids (TLH) having the chemical formula Mg3(RSi)4O8(OH)2 where R stands for an organic moiety 
containing phosphorous have been incorporated in polyamide-6 (PA6). Two approaches were followed to prepare 
the PA6/TLH composites. The TLH synthesized using a sol-gel process have been either prepared prior to their 
incorporation in PA6 (ex situ route) or were formed by reactive extrusion in PA6 (in situ route). A set of analyses 
performed on the TLH prepared ex situ indicate the formation of a lamellar structure (XRD, IRTF, solid state 29Si 
NMR) whereas the formation of a layered structure was not proven in the case of the in situ synthesis. Regarding 
the TLH prepared ex situ, this filler was not nanodispersed in the PA6 according to the SEM observations. In terms 
of fire performances, improvements have been observed for both materials in mass loss cone calorimeter and LOI.

[1] Kashiwagi T., Harris Jr. R.H, Zhang X., Briber R.M., Cipriano B.H., Raghavan S.R., Awad W.H., Shields J.R. (2004). Flame retardant 
mechanism of polyamide 6-clay nanocomposites. Polymer, 45, 881-891.

[2] Morgan A.B. (2006). Flame retarded polymer layered silicate nanocomposites: a review of commercial and open literature systems, 17 
(4), 206-217. 
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Development of clean and environmentally benign chemical processes using less harmful catalysts has become 
a primary goal in synthetic organic chemistry. Reactions carried out under heterogeneous conditions are more 
promising as they involve the facile recovery and reuse of the catalysts. In this sense, clays are suitable catalysts 
for carrying out organic reactions. Clays can accommodate ligands in their layered structure or change their natural 
cations by transition metal cations. Clays can function as Brønsted and/or Lewis acids, or as bases. Clays with 
combined acidic and basic properties have been developed by simple procedures of modification. Such clays are 
employed to catalyze a sequence of acid and base-catalyzed reactions in one pot.

Multicomponent condensations (MCC) are of great importance in organic and medicinal chemistry, where three or 
more reactants combine to afford a new core structure possessing the molecular features of the composite building 
blocks, being a powerful method for the preparation of molecular diversity. One of the many examples of a three 
MCC, Biginelli reaction, brings together ureas, aldehydes and β-ketoesters to afford functionalized pyrimidinones 
as the core structure. The present communication discusses the investigation of the catalytic activity of a Cu-doped 
Ti-pillared clay catalyst towards Biginelli reaction.

Biginelli reaction was carried out by mixing equimolar amounts (8.33 mmol) of diketone (acetylacetone, ethylac-
etoacetate), aldehyde (benzaldehyde, p-nitrobenzaldehyde, 4-chlorobenzaldehyde, anisaldehyde, furfuraldehyde, 
cinnamaldehyde) and urea in a round bottom flask containing Cu-doped Ti-pillared clay catalyst. Ethanol was 
added as solvent. Under room temperature, no reaction was found. At 70 ºC, 25 mg of catalyst for a time period 
of 6 h showed good yield. But to facilitate the use of the valuable catalyst, the reaction conditions were optimized 
as 70 ºC with 10 mg catalyst for overnight. Among different aldehyde tried, 4-chlorobenzaldehyde was found to 
give maximum yield of 90% with both the diketones. Benzaldehyde gives 88% product yield with acetylacetone 
and 86% yield with ethylacetoacetate. The catalyst was found to be 100% selective towards 3,4-dihydropyrimi-
din-2(1H)-one derivative. After the reaction, reaction mixture was cooled to room temperature, filtered and poured 
into crushed ice and stirred for 5-10 min and recrystallized from hot ethanol to afford pure product. The products 
were analyzed with GCMS, and comparison of the spectral data (FT-IR, 1H NMR) and melting point with those 
reported. The yield of the products correlated well with the expected electronic effects of the substituents. Reusa-
bility of Cu-doped Ti-pillared clay catalyst towards Biginelli reaction was tested for three reaction cycles without 
loss of significant catalytic activity. 



Scientific Research Abstracts
Vol. 7, p. 296, 2017
ISSN 2464-9147 (Online)
XVI International Clay Conference | ICC 2017 | Granada, Spain
© Author(s) 2017. CC Attribution 3.0 License

GEOPOLYMER MATERIALS BASED ON DIFFERENT 
ALUMINOSILICATE SOURCES

ameni GHarzouni*, sylvie rossiGnol

Science des Procédés Céramiques et de Traitements de Surface (SPCTS), 12 rue Atlantis, 87068, Limoges Cedex, France

Over the last decades, geopolymers have gained tremendous interest as promising new binders, environmentally 
friendly and with good working properties. These ecomaterials result from the activation of an aluminosilicate 
source by an alkaline solution at room temperature. Metakaolin is one of the most used aluminosilicate precursor 
due to its high purity and reactivity. Nevertheless, research of low-cost and more available materials has encour-
aged many investigators to turn to the use of common clays and industrial co-products. In this topic, the objective 
of this work is to compare various geopolymer materials based on different aluminosilicate sources such as two 
metakaolins with different characteristics, dredged sediment and argillite (host rock for nuclear waste disposal) 
which are rich in calcite. At first, the reactivity of the different studied aluminosilicate sources was estimated using 
chemical characterization and structural investigations by XR diffraction and 27Al NMR spectroscopy. Then, the 
feasibility of geopolymer materials based on the different precursors was evaluated. The structural evolution of 
the reactive mixtures during the formation was investigated using FTIR spectroscopy. Finally, the measurement of 
mechanical strength was tested by compression. 

Whatever the aluminosilicate source, the reactivity increases essentially with the increase of purity degree, amor-
phous phase and wettability value. Further structural informations were given by 27Al NMR concerning the effect 
of heat treatment on the conversion rate of Al(VI) and Al(V) species to Al(IV) one. For example, a heat treatment of 
argillite at 800 °C induces a total transformation of Al(VI) to Al(IV). Moreover, the feasibility study evidences the 
suitability of the different sources after heat treatment to produce geopolymer materials. Then, the investigation of 
geopolymer formation using in situ FTIR spectroscopy revealed that the presence of impurities is responsible of 
the generation of several networks. Indeed, the presence of calcium in sediment and argillite samples leads to the 
competition between Si-O-Al and Si-O-Ca bonds. The formed networks influence the mechanical properties of the 
resulting materials. Better compressive strengths were obtained for metakaolin based geopolymers. 
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Halloysite is a 1:1 aluminosilicate clay mineral. Usually it has a tubular crystal shape, a unique structure and sig-
nificant solute entrapment properties. As a result halloysite can retain a variety of substances inside its lumen for 
different purposes and uses. In this study, halloysite nanotubes were investigated as possible drug delivery systems 
for colon cancer. Halloysite from the Dragon mine (Utah, USA) was used and in order to remove the impurities 
the clay fraction was extracted. The drug that was loaded within the lumen of halloysite nanotubes was irinotecan. 
In order to provide enteric release properties to the drug-loaded nanotubes, they were coated with the polymer 
Eudragit S 100. The reproducibility of the above procedures was tested by performing the experiments in triplicate 
and the results of the three different samples for each case were similar showing that in every case irinotecan as 
well the polymer reacts with halloysite following the same pattern. 

The samples were characterized by many techniques including XRD, TEM, FTIR, TGA and DSL. It was found 
that irinotecan was successfully loaded within the lumen of halloysite with a loading capacity of 4.5%. Addition-
ally, the samples that were treated with polymer found to be well coated. The release of irinotecan in simulated 
gastric and intestinal liquids was also tested. Sustained drug release was observed, which was slower with the 
polymer-coated samples. The results show that halloysite nanotubes are promising irinotecan delivery systems for 
colon cancer treatment. 
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Sandstones with high porosity and permeability at great burial depth and high temperatures are of economic impor-
tance, as a significant amount of hydrocarbons have been discovered in such reservoirs. The Sawan gas field, with 
an expected ultimate recovery of more than 1 Tcf lies in the Middle Indus basin. The reservoir rocks, Cretaceous 
volcaniclastic sandstones of the lower Goru Formation, show very high porosities at a reservoir temperature of 
175° C and depths of 3000 to 3500 m. The sandstones are mostly feldspathic litharenites. Strongly altered volcanic 
rock fragments are the most important lithic component. The clay fraction consists of Fe-rich chlorite (chamosite) 
and illite. 

Diagenetic features such as compaction, quartz overgrowths, carbonate cements and feldspar dissolution are ob-
served. The most distinguishing feature is a double layer of authigenic chlorite, lining the pores of the sandstones. 
Chlorite additionally occurs as pore-filling cement and as chloritized detrital components, all having similar chem-
ical composition. The pore-lining cement clearly developed in two stages; an earlier, poorly crystallized and a later 
better crystallized growth. Missing rims at grain contacts show that precipitation occurred after an initial stage of 
compaction but early relative to other diagenetic phases. Both chlorite rims grew by direct precipitation from pore 
waters, using products derived from volcanic rock fragments. In areas with no, thin, or discontinuous chlorite rims, 
quartz cementation is common. Well-developed chlorite rims inhibited quartz cementation, preserved porosities of 
up to 20% and good permeabilities. Porosity-preserving chlorite cementation in Sawan is restricted to sediments of 
a shallow-marine environment. While reported examples from shallow marine environment have formed through 
clay mineral precursor phases, the chlorites in the volcaniclastic sandstones of the lower Goru Formation can be 
traced back to the dissolution of detrital grains.
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Clay minerals are hydrophilic substances. However, for several uses, it is preferred, even mandatory, to confer their 
surface an organophilic nature by the incorporation of organic species. In all these uses, the organophilic nature 
of the clay mineral surfaces favours their interaction with other organic species (polymers, pollutants, etc.) [1,2]. 
Laponite (Lap) is a commercial synthetic hectorite. It exfoliates very easily in aqueous dispersion, and solid sam-
ples do not show a long order in their basal reflection. It has exchangeable cations that can be substituted by cati-
onic species, but without intercalation. Functionalization of laponite has been scarcely studied [3], but it occurs by 
grafting on the external surface of the layers. Trimethoprim [5-(3,4,5-trimethoxybenzyl) pyrimidine-2,4-diamine] 
(TMP) is a drug used to treat infections, and may inhibit a variety of gram-positive and gram-negative bacteria 
[4], being used in various processes of antibacterial treatment. However, TMP is incompletely metabolized by the 
human body during the therapeutic process, and about 80% is excreted in the pharmacologically active form [4]. 

In the present work, results are presented on the adsorption of TMP using laponite/(3-chloropropyl) triethoxysilane 
(ClPTES)/(biuret (BIU) or melamine (MEL)) hybrids obtained by different routes, aqueous (H) and non-aqueous. 
Powder X-ray diffraction demonstrated the incorporation of the aminosilanes to the clay and that the reaction did 
not give rise to changes in the laponite layers. Characteristic IR bands of BIU or MEL evidenced the functionaliza-
tion of Lap with the aminosilanes. The nitrogen adsorption isotherms can be classified as Type IV, with hysteresis 
H2, in the case of Lap, Lap-BiuH and Lap-MelH, and as Type IIb, with hysteresis H3, for samples Lap-Biu and 
Lap-Mel. Thermal analysis demonstrated that the organic matter immobilized on the laponite is burned off in the 
150-650 °C range, and that the loss in both materials occurred in a similar manner. Kinetics studies (50 mg of ma-
terial suspended in 5 mL of a 50 mg/L TMP solution with reaction times between 1 and 150 min) and equilibrium 
(50 mg of material suspended in 5 mL of solution ranging from 1 to 1000 mg/L, for a period of 20 min) were car-
ried out to insight in the adsorption of TMP. The kinetics parameters were calculated using mathematical models 
and the data fitted better to the pseudo-first order model, showing that the adsorption process happened through a 
physisorption mechanism. The solids prepared by the non-hydrolytic route showed a higher adsorption capacity, 
as concluded from the data on the amounts of adsorbed TMP: qt = 4.32 mg/g for Lap-Biu against qt = 0.0043 mg/g 
for Lap-BiuH, and qt = 4.87 mg/g for Lap-Mel versus qt = 0.0050 mg/g for Lap-MelH. 
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The intercalation chemistry of smectite clays is one of the main fields for preparation of catalysts or catalyst sup-
ports as alternatives to zeolites and zeotype materials. Materials prepared via layer intercalation show high thermal 
resistance and stability, development of microporosity, great surface area and presence of Brønsted and Lewis acid 
sites. Pillared clays (PILCs), such as Al-PILCs, Fe-PILCs, mixed Fe,Al-PILCs etc., synthesized via exchange of 
interlayer cations and subsequent calcination of the intercalated solids, are widely studied. Nowadays, a sol-gel 
approach to modifying clay surfaces has attracted attention as an alternative way for synthesis of porous clay-na-
nocomposites. However, information on physicochemical and catalytic properties of these materials is limited in 
the literature.

In this work, we report for the first time on the synthesis of mixed Fe/Si/clay composites (Fe/Si-CC) by sol-gel 
method and their physicochemical and catalytic behaviour in acid catalysis. Fe/Si-CC materials were prepared 
from purified montmorillonite (Cheto, Arizona, USA) through sol-gel polymerization technique using APTES 
(3-aminopropyltriethoxysilane) and FeCl3.6H2O as sources of Si and Fe, in aqueous medium. The amount of Fe 
in the solids was varied in the interval of 1.9-3.8 wt.%. Fe/Si-CC materials were calcined at 400 or 500 °C (Fe/
Si-CC-400, Fe/Si-CC-500). 

The physicochemical characterization pointed out the effectiveness of the incorporation of Fe and Si in the inter-
layer space of the clay. Specific surface area of Fe/Si-CC-500 samples rose from 80 to 171 m2/g with increasing of 
Fe content from 1.9 to 3.8 wt.%. The interlayer space also depended on the Fe content, the insertion of 1.9 wt.% 
Fe to the framework of the clay increased the interlayer space from 9.57 to 13.89 Å, but the further increase of 
Fe content led to the decrease in the interlayer distance to 13.69 Å. Probably, this phenomenon is related to the 
increase of Fe content with respect to Si content in the solids. According to DR-UV-vis spectroscopy, oligomeric 
state of Fe in Fe/Si-CC-400 depended on Fe content; the larger Fe content, the larger particle size of Fe2O3.

Catalytic properties of Fe/Si-CC materials were studied in cyclocondensation of o-phenylenediamine (DA) with 
acetone to 1,5-benzodiazepine. Benzadiazepines and their derivatives are very important class of nitrogen-con-
taining heterocyclic compounds with biological activity, widely used in medicine as antidepressants, analgesic, 
sedative compounds, etc. Reaction of DA with acetone was investigated at 50 °c, with acEtonE/1,5-benzodiaz-
epine moL/moL ratio oF 2.5 in methanol as the major reaction medium. Fe content affected the reaction rate and 
yield of 1,5-benzodiazepine. The larger Fe content, the higher reaction rate and yield of 1,5-benzodiazepine. The 
maximum yield of 1,5-benzodiazepine under the investigated conditions was 86-88% in the presence of 3.8%Fe/
Si-CC-500 for 180 min. The catalytic behaviour of 3.8%Fe/Si-CC-500 was compared with that of 3.2%Fe/Al-
PILC-500 prepared by pillaring method using Keggin type mixed Fe,Al polycation. The activity of 3.2%Fe/Al-
PILC-500 was higher than that of 3.8%Fe/Si-CC-500 for the first 30 min, in accord to the amount of Lewis acid 
sites. Then, their catalytic behaviours became similar due to the blocking of active sites by the reaction products.
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Bionanocomposites are a group of hybrid materials resulting from the combination of naturally occurring poly-
mers and inorganic nanoparticles, which show interesting properties such as non-toxicity, biocompatibility and 
biodegradability [1]. Cellulose, the most abundant biopolymer on earth, is being widely applied in diverse areas 
(paper industry, food and pharmaceutical sectors…) and also used in the development of bionanocomposites, in 
some cases based on its assembly to clay minerals [2-5]. Cellulose is a linear polysaccharide consisting of β(1→4) 
linked D-glucose units, present as a structural component of the cell wall mainly in higher plants. These individual 
polysaccharide chains are arranged in crystalline and amorphous regions in elementary fibrils that assemble into 
cellulose fibers [6]. Several methodologies are applied for defibrillation of wood pulp in order to give the so-called 
microcrystalline cellulose (50-10 µm length and 10-50 µm diameter) or nanocelluloses, including microfibrillated 
cellulose (0.5-1 µm length and 10-100 nm diameter) as well as cellulose nanofibers (CNF, 0.5-2 µm length and 
4-20 nm diameter) or nanocrystals (CNC, 50-500 nm length and 3-5 nm diameter) [6], which are suitable for 
preparation of bionanocomposite materials.

The current work explores the development of bionanocomposites based on the assembly of two dissimilar fi-
brous components: sepiolite (Pangel® S9 from Vallecas-Vicálvaro, Tolsa SA) as inorganic component, and CNC 
obtained from commercial microcrystalline cellulose as the biological counterpart. The methodology used for the 
preparation of these materials involves the application of shear force and ultrasound energy to aqueous suspen-
sions of microcrystalline cellulose in the presence of sepiolite [5]. CNC are produced during the sonication process 
[7], as confirmed by FE-SEM and AFM, avoiding the use of concentrated sulfuric acid commonly employed to 
obtain these nanomaterials. During the sonication process, the interaction of the sepiolite fibers with the produced 
CNC may help to reduce their re-aggregation, in a similar way than that reported for carbon nanotubes-sepiolite 
systems prepared under analogous conditions [8]. Thus, the resulting gels are stable and homogeneous, and can be 
conformed as self-standing films by solvent casting or vacuum filtration. Their characterization by FTIR confirms 
the good interaction between both types of organic and inorganic fibers, revealing the establishment of hydrogen 
bonding interactions between the hydroxyl groups in the CNC and the silanol groups in the external surface of 
sepiolite. The films show improved water resistance as determined from water sorption isotherms. In addition, 
multifunctional materials can be easily produced by incorporating other components during the preparation step, 
as for instance carbon nanotubes, or by grafting or adsorbing organic molecules with the desired properties. The 
CNC-sepiolite films can be promising materials in diverse fields such as environmental remediation, food pack-
aging or biomedicine. 
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Presently the archaeological hypotheses in the study of any site that contains heritage remains of historical impor-
tance must be based on the scientific data that provide the material analysis. The systematic study of the archeolog-
ical pieces found in a particular site can lead to settle the origin of the materials used for the making of artefacts, 
the work temperature for ceramic bodies, the manufacture, the age, etc. In the case of the Cuatrovitas (Seville, 
Spain) archaeological site, the archeometric study of the different remains found (ceramics) can contribute to the 
knowledge of the European culture occurred in the early medieval times.

In the present work, four samples from the Neogene clay deposits close to the Cuatrovitas archeological have been 
studied, as possible raw materials for the medieval ceramics. In addition, 13 ceramic pieces have been collected 
from the Cuatrovitas site and two structural elements (brick and tile) from the mosque.

For the raw materials, the mineralogy of the whole sample has been performed by X-ray diffraction (XDR). The 
mineralogical composition of the <2 μm fraction has been studied on oriented aggregates using standard methods, 
involving drying at room temperature, solvation with ethylene glycol and heating to 350 and 550 °C for 2 h. The 
quantification of mineral phases in ceramic pieces has been determined using Rietveld method and internal stand-
ard for an amorphous phase approach. In order not to destroy the archaeological pieces, the characterization of 
these materials has been carried out by microdiffraction and X-ray microfluorescence. 

In addition, the mineralogical and petrographical study has been completed with the optical microscopy in thin 
section of the ceramic pieces. Moreover, the fabric of those materials has been observed by scanning electron mi-
croscopy. Those observations provide data on the almohade ceramic manufacture.
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The objective of this research is the application of Bioengineering tools to stabilize erosion of clay soils using 
slopes. In this case, selected grounds at Guatemala were the subject of the present communication. The purpose 
is to decrease the erosion provoked by episodes of torrential rains. For this, the sowing has been performed on 
samples of clay soils previously characterized by X-Ray Diffraction (XRD), thermogravimetric analysis, particle 
size analysis, measures of pH, electrical conductivity, soluble salts, organic matter and capacity of exchangeable 
cations by standard methods. The pore size distribution and specific surface areas by nitrogen adsorption have 
been studied to characterize the soils. Other complementary determinations have been the liquid and plastic limits, 
plasticity index and shear strength. Cohesion and internal friction angles as Geotechnical properties have been 
also determined. Finally, it is presented the experimental results concerning the sowing of a plant, Vetiveria Ziza-
nioides, using slopes of selected grounds in Guatemala. 

The results suggested that the soil is fairly acid, with absence of calcium carbonate and worthless salinity. The 
levels of organic matter range from normal to very high, suggesting that it is a soil very fertile for the development 
of the plant. The mineralogy deduced by XRD allowed the identification of quartz, iron oxides (hematites and 
maghemite), feldspars and clay minerals, in particular metahalloysite, kaolinite, illite and chamosite with possible 
riebeckite. The particle size analysis of selected samples shows a predominate sand fraction (67.38 wt.%), fol-
lowed by the clay fraction (25.16 wt.%), with a plasticity index of 7.9% and a liquid limit of 27.9%. These results 
allow classify this soil as sand-lime, mixtures of sand and lime, or sand-gravel-lime, according to the Unified 
Classification (Casagrande). 

The specific surface area ranges from 11.68 to 15.5 m2/g and the pore size ranges between 17.39-160 nm. Heating 
treatments of the sample produces an increase of the pore sizes. The accumulated specific surface area were higher 
in the desorption and the values were lower when the samples were heated. According to the characteristics of the 
soil, it was found the presence of cohesion (2.05 tn/m2) and a internal friction angle of Ø= 31.69º. After the planta-
tion of Vetiveria Zizanioides, it was observed an increase of the internal friction angle (38.03º, 40.63º), a decrease 
in the cohesion (1.29, 1.45 tn/m2) and the predominant pore sizes in the range 17-160 µm. It is interesting to remark 
that the infiltration rate is lower at the first minutes because the rain waters are retained in the leaves of the plant. 
Consequently, the erosion provoked by episodes of torrential rains decreased, which is an interesting result from 
a point of view of Bioengineering.
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Several small scale tests have been developed to help in the discrimination of the reaction processes and its ki-
netics for representative conditions of concrete/bentonite (C-B) interface within a real radioactive waste storage 
scenario. The overall objectives of the experiments are (1) the determination of the characteristic surface interface 
reactivity of FEBEX bentonite induced by different OPCs based concretes hydrated by granitic (Grimsel test site, 
Switzerland) groundwater; and (2) to integrate chemical interactions at µm-mm scale with physical properties; 
i.e. measured hydraulic conductivity and porosity changes indicators. The identification of new forming phases 
from the first stages of alteration and the comparison of results between low pH versus conventional OPC high pH 
concrete, are expected to bring useful and relevant data for the repository design.

A C-B interface was built by first curing a cement mortar (1cement paste+0.7H2O+3quartz sand) in a methacrylate 
cylinder of 20 mm inner diameter, forming a 9 mm length column of pressed mortar which was capped by a PTFE 
porous membrane. After 30(high pH) or 90(low pH) days under water vapour atmosphere, a 9mm length com-
pacted bentonite was pressed to 1.6 g/cm3 dry density above the PTFE. The composite column was then confined 
between two porous steel plates hermetically encased in a stainless steel body. This cells, operating at 20 ± 5 ºC, 
were designed to infiltrate water at 1MPa through C to B in the column experiment. The leached solution is col-
lected at the bentonite end for major ions chemistry and silica determination by ion chromatography, titration and 
spectrophotometric analyses. The characterization of the column materials involved EDX-SEM analyses and XRD 
techniques. EDX-SEM was used to characterize fresh surfaces at the hydration of C, and the C or B sides of the 
interface. A polished longitudinal cut comprising the whole path length, including interfaces, was analysed for a 
chemical EDX (major elements) profile at µm scale. 

Results obtained during first 90 days of barriers interaction have shown a higher hydraulic conductivity for low pH 
C material than high pH OPC (7E-13 to 8E-14 m/s). The leached water show virtually the same pH (8.1±2) with 
independence of time and C material. Regarding SEM-EDX studies, low pH C have shown an important loss of 
Ca at the interface with water (C-W). C-S-H gels with ̴ <0.8 Ca/Si ratio were analysed both at the interfaces C-B 
and C-W. In contrast, C-S-H gels in high pH OPCs have shown higher ratio Ca/Si (>1.9) at both interfaces. These 
high values are overestimated by the presence of carbonates, calcite, substituting or coating C-S-H gels. Ettringite 
crystals have been better identified at low pH concrete side interface, filling open pores. These crystals may be 
produced in a secondary precipitation of sulfates in combination with Al dissolution from montmorillonite. Al 
depletion in the bentonite side at <20 µm thickness was observed in the EDX profiles. These profiles also reveal 
significant mass transfer at <100 µm scale characterized by Mg concentration at the bentonite side or in the inter-
face contact. A Ca maximum is located in the middle of the low pH mortar column due to the Ca leaching from 
the hydration source. 

Mg rich phases and carbonate rims (<5mm thickness) have been observed in FEBEX large scale C-B interfaces 
(>10 years and >5 cm B thickness) in situ and laboratory experiments [1,2]. These small scale experiments will 
contribute to up-scale the long-term impact of the alkaline perturbation of the studied EBS system. 
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Discrete sequences of clay-bearing fine-grained carbonates intercalated within siliciclastic flysch deposits of the 
northern domain of the Tethys Ocean (Outer Carpathian Basin) were studied. These rocks, in field practice called 
marls, differ in age, location in the sedimentary basin, and lithology [2]. Starting sediments for these marls were 
deposited in a shelf-related environment and subsequently redeposited into deeper parts of the basin both uncon-
solidated as mud and lithified as olistoliths [3]. The following marls were examined: marls from the Vendryně 
Formation (Upper Jurassic, Silesian Unit), Siliceous-Fucoid Marls and Węgierka Marls (Upper Cretaceous, Skole 
Unit), Jasienica Marls, Żegocina Marls, Frydek Marls, and Węglówka Marls (Upper Cretaceous, Sub-Silesian 
Unit), Łącko Marls, Zembrzyce Marls, Budzów Marls, and marls from the Malcov Formation (Tertiary, Magura 
Unit), Sub-Cergowa Marls (Tertiary, Dukla Unit), Grybów Marls (Tertiary, Fore-Magura Unit), and Dynów Marls 
(Tertiary, Skole Unit). 

Each clay-bearing fine grained carbonate layer that separates siliciclastic sediments represents an abrupt change 
in depositional conditions within the Outer Carpathian sedimentary basin. Therefore marls are important in under-
standing the geological history of the northern domain of the Tethys Ocean. Because both the clay and carbonate 
present in clay bearing carbonate rocks may have variable origins, this paper focuses on the grain-provenance 
study of components of the Outer Carpathian marls. The depositional and diagenetic controls of their variability 
have been discussed for integration of this kind of sediment into a basin-scale facies model.

Two imaging techniques: standard, i.e. optical microscopy, and high-resolution petrography, i.e. field emission 
gun electron microscopy (FEG-SEM), combined with X-ray diffraction, thermal analysis, and chemical analysis, 
have been applied. 117 bulk samples and fine clay fractions (<0.2um) isolated from selected marls were studied.

The results obtained are as follows: (1) the Outer Carpathian marls, which differ in age and location in the sedi-
mentary basin, are similar in terms of mineral composition, but the contents of the main components are variable; 
(2) coccolith debris is the main carbonate constituent, so that the Outer Carpathian marls petrographically are a 
chalk-type deposits; (3) clay and silica minerals are also present in these rocks, for this reason the Outer Carpathian 
marls should be called an impure chalk; (4) silica minerals are mostly authigenic in the marls studied and consists 
of nanoquartz or opal CT; (5) illite-smectite-dominated clay assemblages [1] [3] [4] have been recognized in all 
samples studied; (6) smectite and silica minerals seem to be formed originally within the sediments owing to the 
alteration of volcanic material; (7) illite-smectite resulted from burial diagenesis (8) variable amounts of the main 
components in the marls studied (8-76% of carbonates, 3-79% of clay, 4-70% silica minerals) can be explain by ep-
isodic input of volcanic material into calcareous mud and by changing diagenetic conditions within the sediments. 

Detailed petrographic analysis reveals that the Outer Carpathian marls studied represent an oceanic type of chalk, 
which was deposited within a periodically starved basin. Coccolithophore blooms in the basin were caused by 
volcanic activity, which fertilized the oceanic water. The Outer Carpathian marls are the sedimentary record of 
volcanic and tectonic activity that was related to the opening (Upper Jurassic), reconstitution (Upper Cretaceous) 
and closing stages (Tertiary) of the Outer Carpathian basin, i.e., the northern domain of the Tethys Ocean. This 
work was financially supported by AGH University of Science and Technology grant no.11.11.140.319.
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In this study feasibility of chitosan nanofibrous membranes reinforced by halloysite nanotubes (HNTs) has been 
investigated for the purpose of bone tissue engineering. 1, 3, 5, 7 and 10 wt% of HNTs added to the mixture of chi-
tosan and polyethylene terephthalate (PET) to be used during the electrospinning process. Morphological analysis 
showed HNTs were attached along the chitosan/PEO nanofibers and agglomerated HNTs were found in chitosan/
PEO at higher wt% of HNTs concentration. The average range of fiber diameter obtained across all concentration 
was from 72.073.30 nm to 154.876.77 nm and supports the values attained in the literature for being ideal for bone 
tissue scaffolding. Chitosan/PEO with 0, 1, 3, and 5 wt% of HNTs revealed to have larger pores and supported the 
successful NHOst cell culture. STEM micrographs revealed that the single tube and the hollowness of a typical 
HNTs structure was evidently expressed in fibers for chitosan/PEO membranes and resulted to larger fiber diame-
ters. In chitosan/PEO with 5 wt% of HNTs, tubes were randomly distributed and agglomerated HNTs were evident 
through out the fibers only at higher HNT concentrations. Tensile test revealed that the membranes reinforced with 
5 wt% HNTs yielded the highest σ (26.51 ± 1.38 MPa) and E (1.25 ± 0.19 GPa), respectively, due to the uniform 
dispersions of HNTs. TGA indicated increased in thermal stability with the addition of HNTs. Contact angle of chi-
tosan/PEO with 0 to 5 wt% HNTs are compatible within the accepted standard for bone tissue scaffolding as they 
showed high surface energy (low contact angle) that falls within the range of 0° to 75°. This range assisted adsorp-
tion of nutrients from the culture media which promoted cell proliferation as revealed in the in vitro analysis. In 
vitro analysis revealed matured osteoblast cells in chitosan/PEO with 5 wt% HNTs and immature osteoblastic cells 
are observed for chitosan/PEO with 7 and 10 wt% HNTs as the pore size allowed cell aggregation and prohibited 
cell proliferatio. ALP activity test showed that chitosan/PEO with 5 wt% HNTs is the most suitable membrane for 
bone tissue engineering particular at day 14.
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THE ADSORPTION OF PHOSPHATE BY HALLOYSITE NANOTUBES

nia Gray (1,3)*, stepHen Hillier (1,2), david lumsdon (1), CHris GreenWell (3)
(1) The James Hutton Institute, Aberdeen, AB15 8QH, UK, (2) Department of Soil and Environment, Swedish University 
of Agricultural Sciences, Box 7014, Uppsala SE-750 07, Sweden, (3) Durham University, Department of Earth Sciences, 
Durham, DH1 3LE, UK

Halloysite nanotubes are increasingly being studied for their use in technologies such as medicine and plastics 
due to their tubular nature and available surface reaction sites. In agriculture the study of the transport of anionic 
phosphorus from fertilizersand glyphosate© containing herbicides in soil is of environmental relevance. Halloysite 
is found globally in soils [1] and research into the adsorption capacity of different halloysite nanotubes for phos-
phorus will be detailed here.

Two previously studied tubular halloysites were chosen [2,3], one cylindrical and one prismatic, on which the 
adsorption of phosphate over a pH range of 3-10 was studied using a batch equilibrium system. Previous work 
has indicated that the edge sites of halloysite are the only source of adsorption of phosphorus and that the degree 
of adsorption is dependent upon the number of these sites, pH and particle morphology [4]. The difference in 
adsorption behaviour of the halloysites over the pH range with different ionic strengths will be used to determine 
the phosphate adsorption of the two types of halloysite. A Constant Capacitance Model (CCM) will be employed 
describe the adsorption behaviour on the surface of the halloysite nanotubes where the greatest adsorption is ex-
pected at low pH.

[1] Joussein E., Petit S., Churchman J., Theng B., Righi D., Delvaux B. (2005). Halloysite clay minerals - a review. Clay Minerals, 40, 383-
426.

[2] Gray N., Lumsdon D.G., Hillier S. (2016). Effect of pH on the cation exchange capacity of some tubular halloysites (HNTs). Clay Min-
erals, 51, 373-383.

[3] Hillier S., Brydson R., Delbos E., Fraser T., Gray N., Pendlowski H., Phillips I., Robertson J., Wilson I. (2016). Correlations among the 
mineralogical and physical properties of halloysite nanotubes (HNTs). Clay Minerals, 51, 32-350.

[4] Theng B., Russell M., Churchman J., Parfitt R.L. (1982). Surface properties of allophane, halloysite and imogolite. Clays and Clay Min-
erals, 30, 143-149.
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INVESTIGATION OF RETENTION MECHANISMS OF DYE BY LAYERED 
DOUBLE HYDROXIDES: A JOINT THEORETICAL AND EXPERIMENTAL 
STUDY

brian GréGoire (1,2,3)*, fabriCe salles (1), Géraldine layraC (1), didier tiCHit (1), rozenn le 
parC (2), jean-louis bantiGnies (2), Gaelle martin-Gassin (1)
(1) Institut Charles Gerhardt Montpellier, UMR5253 CNRS-UM-ENSCM, 1502 Place E. Bataillon, 34095 Montpellier Cedex 
05, France, (2) Laboratoire Charles Coulomb, UMR 5221 CNRS-UM, Place E. Bataillon, 34095 Montpellier Cedex 05, 
France, (3) Institut de Chimie des Milieux et Matériaux de Poitiers - HydrASA, UMR 7285 CNRS-Université de Poitiers, 
86073 Poitiers, France 
*brian.gregoire@univ-poitiers.fr

Nowadays, environmental issues, especially those related to water pollution, have become a major concern for 
the whole population. Textiles industries are the main contributors of water contamination worldwide through the 
large volume of water they use in different processes. Dyes are certainly the main chemical contaminant of water 
from textile industry, since around 2% of the annual production is directly discharged in aqueous effluents and an-
other 10% are systematically lost during the coloration process [1]. By changing the water acidity or salinity, dyes 
have harmful impacts on the photosynthesis of aquatic plants in addition to their inherent toxicity. 

Most of the dyes are difficult to biodegrade and a specific treatment has to be adopted for dye removal [2]. Ad-
sorption processes are gaining importance in this context with the use of very efficient low-cost adsorbents. For 
example, clays are very good candidates since they exhibit high exchange capacity and can be regenerated by 
appropriate treatment. However, in order to improve the efficiency of the catalysts, the mechanisms of retention 
have to be understood.

We have constrained our study to the capture of anionic dyes by anionic clays, namely layered double hydroxides 
(LDHs). LDHs are lamellar materials with important anionic exchange capacity due to the presence of positive 
layer charge. They can entirely be synthesised in laboratory with the possibility to tune the chemical composition, 
the crystallinity, or the particle size [3-4]. The aim of our project is therefore to understand how the structural 
parameters of the solid (particle sizes, crystallinity, atomic composition…) and the solution chemistry (nature of 
dyes, charges, ionic strength, solvent activity etc ...) impact the sorption capacity and the molecular organisation 
at the interface solid-solution. 

To gain this molecular level of interface description, our methodology lies on the combined use of X-Ray diffrac-
tion techniques and vibrational spectroscopies (Infrared and Raman spectroscopies), aided by molecular simula-
tions (DFT and Monte-Carlo simulations). Depending on the nature of the dye, surface and interlayer sites can be 
populated. In order to discriminate these two contributions to the overall dye uptake, topotactic exchange reactions 
were performed to prevent dye molecules to enter the interlayer domain so that adsorption only occurs on surface 
sites. It is observed that the surface of LDH catalyses the aggregation of dye, with a long range ordering as given 
by XRD analysis. However, the organisation of dye within the interlayer domain does not exhibit any periodic 
structure. 

In addition to explain the high adsorption capacity of dyes by LDHs, these findings may also suggest that LDHs 
surfaces can catalysed the formation of ordered structures, depending on the nature of the molecules.

Acknowledgement: the authors thank the LabEx CHeMISyst (ANR-10-LABX-05-10) for funding. 

[1] Pearce C.I., Lloyd J.R., Guthrie J.T. (2003). The removal of colour from textile wastewater using whole bacterial cells: a review. Dyes 
and Pigments, 58(3).

[2] Robinson T., McMullan G., Marchant R., Nigam P. (2001). Remediation of dyes in textile effluent: a critical review on current treatment 
technologies with a proposed alternative. Bioresource Technology, 77(3).

[3] Grégoire, B., Ruby, C., Carteret, C. (2012). Structural Cohesion of MII-MIII Layered Double Hydroxides Crystals: Electrostatic Forces 
and Cationic Polarizing Power. Crystal Growth and Design., 12(9), 4324-4333.

[4] Grégoire, B., Andre, E., Ruby, C., Carteret, C. (2015). Tuning and Investigating the Structure of MII-FeIII Layered Double Hydroxides 
(MII= NiII, CoII and MgII) in Relation to their Composition: From Synthesis to Anionic Exchange Properties. Current Inorganic Chem-
istry. 5(3), 169-183.
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MINERALOGICAL CHARACTERISTIC OF PELITIC ALLUVIAL 
PLEISTOCENE SEDIMENTS IN THE AREA OF SESVETE (ZAGREB, 
CROATIA)

anita Grizelj

Croatian Geological Survey, Sachsova 2, 10 000 Zagreb, Croatia 
grizelj.anita@hgi-cgs.hr

During the mapping for the Basic Geological Map of the Republic of Croatia 1:50.000 two boreholes (Badel-1 
of 71.50 m and Badel-2 of 84.40 m) were studied in the area of Sesvete near Zagreb. Sediments from boreholes 
belong to the Pleistocene, informal Bistra Formation which is composed of silts, clays, sands and gravels. Within 
these sediments three different facies were interpreted [1]: 

1) gravels and sands typical for alluvial environments
2) structureless beds of silts and clays deposited in oxbow lakes, marshes and floodplains
3) chaotic sediments deposited in the upper part of the alluvial fan.

Mineralogical analysis of pelitic sediments from structurless beds facies of oxbow lakes, marshes and floodplains 
included X-ray powder diffraction (XRPD) analyses on random mounts of bulk samples and oriented mounts of 
the <0.063 µm fraction. Oriented mounts of the <0.063 µm fraction were record after the following treatments: a) 
air drying, b) saturation with K+ and Mg2+, c) ethylene-glycol solvation, d) DMSO solvation, e) glycerol solvation, 
f) heating to 400 °C and 550 °C.

The main mineral components of these sediments are quartz, swelling clays and illite/muscovite. Among the 
swelling clays smectite and vermiculite are determinate in various ratios. Calcite, feldspar, kaolinite are present in 
a lesser quantity, while chlorite is present only in some samples.

According to [1] studied sediments from boreholes are a product of intensive weathering of different types of rocks 
from the Medvednica Mt. with the prevalence of green-schists. Smectite present in pelitic sediments probably orig-
inated from Miocenmarls. Absence of chlorite and presence of vermiculite are in accordance to intensive chemical 
weathering during the humid climate period in the Pleistocene.

This study was supported by Croatian Science Foundation Project No. 4425.

[1] Grizelj A., Bakrač K., Horvat M., Avanić R., Hećimović I. (2017). Occurrence of vivianite in alluvial Quaternary sedimentsin the area of 
Sesvete (Zagreb, Croatia).GeologiaCroatica 70, (in press), doi: 10.4154/gc.2017.01.
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FRACTURE PROPERTIES OF NACRE-MIMETIC CLAY-BASED 
BIONANOCOMPOSITES
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Nacre is the inner part of some seashells (e.g. oysters) and well known for its outstanding mechanical properties. 
The naturally occurring nanocomposite manages to combine mutually exclusive material properties including 
strength, stiffness, and toughness [1,2].n This is accomplished by clever arrangement of reinforcing calcium car-
bonate platelets intercalated by only about 5% of organic chitin/protein matrix. The interplay of nano-structural 
features (e.g., few nanometer inorganic asperities, platelet-platelet bridges, etc.) and energy dissipative soft matrix 
allows for unusually large deformations before critical failure, partly via crack deflection and arrest of non-prop-
agating microcracks. In recent years several strategies were pursued to mimic these features and to harvest, and 
ultimately exceed, the mechanical properties of nacre [3]. Especially the toughness of bionanocomposites remains 
a design challenge and optimization requires more insight into the underlying failure mechanisms at the nanoscale. 

Here, we present first measurements of the fracture properties of clay-based nanocomposites with high filler con-
tent and high alignment of the platelets [4]. Such measurements have been elusive, because specimens from clay 
(or other 2D nano-reinforcements) have so far been prepared mostly in thin films up to 100 µm and are not suita-
ble for fracture toughness tests. Through a combination of evaporation-induced self-assembly and lamination we 
prepared macroscopic test beams for 3-point bending measurements. The test beams feature a clay filler content 
of about 38 vol%, are well-aligned with a Hermann’s orientation parameter of 0.74, and a 1.6 nm intercalating 
poly(vinyl alcohol) gluing layer. In bending tests the material shows step-wise failure and pronounced crack de-
flection away from the process zone. Both of these observations are characteristic for anisotropic nanocomposites 
such as wood and bone. The fracture toughness was derived from the J-Integral resulting in a KIC-value extrapola-
tion to 3.5 MPa m1/2. Surprisingly, when kept at high humid conditions for prolonged time (75% RH, 50 days) the 
nacre-mimetic nanocomposite retains much of its toughness, even though in form of a difference failure mecha-
nism (larger plastic deformation before failure). 

In more recent studies, we compared the fracture behaviour of the nacre-mimetic material with that of nacre in-situ 
using laser speckle imaging. We found that while the process zone in nacre is blunted and rather spherical, in the 
nacre-mimetic nanocomposite, the process zone is strongly anisotropic and deformed suggesting but also insuffi-
cient adhesion between the platelets. 

[1] Wegst U.G.K., Bai H., Saiz E., Tomsia A.P., Ritchie R.O. (2014). Bioinspired structural materials. Nat. Mater. 14, 23-36.
[2] Meyers M.A., McKittrick J., Chen P.-Y. (2013). Structural biological materials: critical mechanics-materials connections. Science 339, 

773-779.
[3] Corni I., Harvey T.J., Wharton J.A, Stokes K.R., Walsh F.C., Wood R.J.K. (2012). A review of experimental techniques to produce a 

nacre-like structure.Bioinspir. Biomim., 7, 31001.
[4] Morits M., Verho T., Sorvari J., Liljeström V., Kostiainen M.A., Gröschel A.H., Ikkala O. (2017). Toughness and Fracture Properties in 

Nacre-Mimetic Clay/Polymer Nanocomposites. Adv. Funct., Mater. 1605378.
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NANOCOMPOSITES OF THERMOPLASTIC STARCH REINFORCED 
WITH MODIFIED BENTONITE OBTAINED BY REACTIVE EXTRUSION 
FOR PACKAGING APPLICATIONS

maría p. Guarás, andrés torres niColini, romina ollier*, leandro ludueña, vera alvarez

Composite Materials Group (CoMP), Institute of Materials Science and Technology (INTEMA), National University of Mar 
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Conventional polymers derived from fossil fuels are not only non-renewable and finite resources, but also cause 
problems in post-consumer processing, as they are largely inert to microbial attack. The use of polymers capable 
of being degraded by the action of microorganisms and/or enzymes without causing harmful effects is a strategy 
in waste management. Starch is a natural, abundant and versatile biopolymer obtained from renewable plant re-
sources such as maize, wheat and potato harvests. Moreover, starch is economically competitive with polymers 
derived from petroleum for manufacture of packaging materials. However, the structure of native starch must be 
modified since its degradation temperature is lower than the melting temperature. For this reason, natural starch 
cannot be processed by traditional polymer processing methods without being previously modified. Formation of 
thermoplastic starch (TPS) requires disruption of the crystalline regions of starch granules by processing them in 
the presence of a specific amount of plasticizer, under certain extrusion conditions [1].

Neat TPS is not suitable for use as packaging material due to its poor mechanical properties and high hydrophilici-
ty. Different methods can be implemented in order to improve its competitiveness with a high cost/efficiency ratio. 
On the one hand, various physico-chemical modification methods of TPS have been developed in order to improve 
these aspects. Derivatization of starch is a type of chemical modification by which the hydroxyl groups are re-
placed by other groups with the desired functionality. On the other hand, nano-reinforcements can be incorporated 
into the mixtures. In this way, biopolymer-clay nanocomposites are a new class of materials with potentially 
improved mechanical and thermal properties [2]. These composites are prepared by addition of low amounts of 
clay to the biopolymer matrix. The main challenge for preparing nanocomposites with enhanced properties is the 
nanoscale dispersion of clay in the polymer matrix. Bentonite is one of the most commonly used natural clay and 
has been successfully applied in numerous nanocomposite systems. However, many starch-clay nanocomposites 
suffer from poor dispersion, which is a key factor for obtaining high performance materials. To improve the clay 
dispersion, organic cations such as alkylammonium cations can be used to exchange with the sodium ions residing 
in the interlayer of pristine clay [3]. The more the modifier is compatible with starch, the more it facilitates clay 
dispersion. 

The objective of this work was to prepare biodegradable TPS/organobentonite nanocomposites by melt intercala-
tion using reactive extrusion technique. For this purpose, pristine bentonite was firstly exchanged with benzalko-
nium chloride. The resulting organobentonite was used as nano-reinforcement of the thermoplastic starch matrix. 
The derivatization of starch was performed with maleic anhydride and once modified it was processed in the pres-
ence of a plasticizer in a twin screw extruder. The effect of clay modification on the morphology (X-ray diffrac-
tometry, XRD), thermal properties (differential scanning calorimetry, DSC, and thermogravimetry, TGA), water 
absorption, mechanical response and biodegradability of nanocomposites were studied and discussed in detail.

[1] Da Róz A.L., Carvalho A.J.F., Gandini A., Curvelo A.A S. (2006). The effect of plasticizers on thermoplastic starch compositions obtained 
by melt processing. Carbohydrate Polymers 63(3), 417-424. 

[2] Chung Y.L., Ansari S., Estevez L., Hayrapetyan S., Giannelis E.P., Lai H.M. (2010). Preparation and properties of biodegradable starch-
clay nanocomposites. Carbohydrate Polymers 79, 391-396.

[3] Ray S.S., Okamoto M. (2003). Polymer/layered silicate nanocomposites: a review from preparation to processing. Progress in Polymer 
Science 28, 1539-1641.
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ELABORATION OF CARMINIC ACID - SMECTITES HYBRIDS 
PIGMENTS: FOCUS ON CHEMICAL INTERACTIONS

d. Guillermin (1)*, b. riGaud (2), p. Walter (1), l. de viGuerie (1), l. miCHot (3), s. balme (4), 
m. jaber (1)
(1) Sorbonne Universités, Laboratoire d’Archéologie Moléculaire et Structurale, UMR 8220, Université Pierre-et-Marie-
Curie, Paris, France, (2) Sorbonne Universités, Institut des Matériaux de Paris Centre, Université Pierre-et-Marie-Curie, 
Paris, France, (3) Sorbonne Universités, Physicochimie des Electrolytes et Nanosystèmes interfaciaux, UMR 8234, 
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Fading of dyes is a common phenomenon observed on painting. Many cases were reported as famous painting 
“L’Église d’Auvers sur Oise” from Vincent van Gogh (pink fading of Eosin [1]). Other painters, as Auguste Renoir 
with “Bal du Moulin de la Galette” 20 years later, were so surprised by the degradation of their painting that they 
did not recognized their own work.

Reasons of fading are various: exposition to light, wet atmosphere, temperature changes, pollution from human 
activities or urban area, and also the activity of pests and microorganisms as fungi and bacteria.

Meanwhile, a well-known example of organic-inorganic pigment called Maya blue crossed ages with its aston-
ishing resistance [2]. Most of the painted walls from the 9th century was degraded but the Maya blue remained 
unspoiled.

This study aims to synthetize new hybrid materials with enhanced photo-chemical resistance, by using inorganic 
matrix to prevent the decomposition of unstable organic dyes. Carminic acid was used as natural red dye, and 
several smectite (mainly Montmorillonite) were employed as supporting mineral.

The clay mineral surface charge was inversed by a cationic polymer. Adsorption of the later and the carminic 
acid molecules was done by wet impregnation in presence of an excess of water. The free organic molecules were 
removed by washing with water. The cationic polymer is intercalated in the interlayer space as attested by XRD. 
The dye molecules are probably adsorbed on the edges. 13C NMR spectroscopy stress on the presence of hydro-
gen bonds between the edges of the clay mineral and the carminic acid. The interactions involved between the 
inorganic and organic parts influence directly the release properties of the organic molecules in different solvent. 
The photo-stability of the new pigments was investigated under focused light. Color changes were followed using 
CIE L*a*b* parameters. The inversion of surface charge seems to increase the photo-stability of the new pigments 
compared to the one prepared without any cationic polymer. 

[1] Frédéric, F., de Viguerie, L., Balme, S., Janot, J-M; Walter, P., Jaber, M. (2015). Physico-chemical characterization of lake pigments based 
on montmorillonite and carminic acid, Applied Clay Science, 130, 12-17.

[2] van Olphen H. (1966). “Maya Blue: A Clay-Organic Pigment?” Science, New Series, 154, 645-646.
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DIELECTRIC BEHAVIOUR OF POLYBISPHENOL A CARBONATE-
PRISTINE BENTONITE COMPOSITES

selaHaddi̇n Guner (1)*, aHmet uGur kaya (2), emi̇ne Can (3), fatma Gozuak (3)
(1) Kocaeli, Turkey Kocaeli University Faculty of Art&Science, Department of Chemistry, Kocaeli, Turkey, (2) Kocaeli 
University Faculty of Art&Science, Department of Physic, Kocaeli, Turkey, (3) Istanbul Medeniyet University, Department 
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Aim of the study is to determine the dielectric behaviour of polybisphenol a carbonate (PC)-Pristine Bentonite as 
a function of Pc loading. The composites were prepared by adding PC solution of different masses dissolved in 
20 mL of chloroform to a suspension of bentonite in 30 mL of chloroform. The resulting PVC-Pristine Bentonite 
mixture was filtered then the solid portion was dried at room temperature under vacuum condition. Dielectric 
measurements were carried out 1 Hz-1 MHz. The measurements show that reel permittivities (e') of samples were 
increased with increase of PC loading. Loss factor (tand) was shifted to the low frequencies according to Pristine 
Bentonite. Infrared spectra of samples were measured and results were supported by infrared spectroscopy. As 
a result, at low PC loading, clay-PC interaction increased and dielectric permittivities of composites decreased 
relative to pure bentonite. 
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BIOLOGICAL AVAILABILITY OF CUBAN MINERAL SOURCES FOR 
ANIMAL FEEDING
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Mineral supplementation is an expensive practice and in most cases it is necessary to import the main raw materi-
als for premixes preparation according to nutritional requirements of each species. In the last few decades the An-
imal Science Institute in Cuba had evaluated national mineral sources for animal nutrition. Among these sources 
are rock phophates and aluminosilicates (zeolite and bentonite). For biological evaluation of rock phosphates sev-
eral experiments were conducted under in vitro and in vivo conditions with broilers, pig, ovine and bovine cattle. 
The chemical composition of rock phosphates showed calcium and phosphorus levels ranging from 20-24% and 
12-18%, respectively, which are similar to imported calcium phosphate but with relatively high level of fluorine 
between 1.30- 3%. In vitro evaluation in citric (2%) and hydrochloric (0.4%) acids was conducted, denoting high 
results of solubility and bioavailability of calcium and phosphorus in this source. In vitro availability of calcium 
and phosphorus in Cuban calcium phosphate were 80.4 and 94.6%, respectively and in vivo availability was 76.9 
and 64.2%, respectively in calves, growing- fattening and fattening steers. Fluorine metabolism was studied and it 
was demonstrated that more than 50% is in calcium fluoride form with lower solubility than sodium fluoride which 
is used as international reference of toxic values for all species. The established metabolic pathway of flouride was 
blood, teeth, bone and urine, and the two last tissues being the best for fluorosis detection and prevention in farm 
animals. The content of other toxic trace elements such as Cu, Pb, As, Hg was very low. In all cases, phosphoric 
rocks substituted imported dicalcum phosphate with very good results. It was found that in digestive contents 
of cows consuming green forages and zeolite, the mineral exchanged their calcium mobile ions by similar am-
monium equivalent, which was slowly released in the ruminal medium improving nitrogen utilization by rumen 
microorganisms and guarantying a best pH for their activity. Zeolite in ruminal medium provokes changes in 
VFA proportion and also in some bacteria and protozoa. Cuban sodium bentonite was evaluated as a regulator of 
internal medium and protector of ruminal proteolysis. Bentonite was able to maintain the pH in internal medium 
in calves and protect dietary protein of ruminal microorganism attack decreasing ammonium ruminal production. 
This mineral was utilized with some protein feeds and resulted in a good nitrogen protector in ruminal medium. 
Action mechanism of zeolites and bentonites are different. Zeolite is preferred when the ruminant are feeding on 
poor quality pastures and bentonite when pastures have higher biological values.

[1] Gutiérrez Odilia 2010 Evaluación biológica de fuentes minerales cubanas para rumiantes y monogástricos y corrección del estatus mineral 
del bovino en pastoreo en el occidente de Cuba. Tesis presentada en opción al Grado Científico Doctor en Ciencias. Instituto de Ciencia 
Animal, Habana, Cuba pag 190
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In this talk, I will present two case studies of clay-based bionanocomposites that have been done in my laboratory 
for years. First, I will touch on the biodegradable polymer/clay nanocomposites based on aliphatic polyester (APES) 
or thermoplastic starch (TPS). In the APES/clay bionanocomposites, we found that the biodegradability of biona-
nocomposites was not decreased with increasing contents of organoclays. For the TPS based bionanocomposites, 
we found the dramatic lowering of water vapor transmission rate in the bionanocomposites due to the presence 
of dispersed large aspect ratio silicate layers in the polymer matrix as seen in other PLS hybrid nanocomposites 
and that natural clay is more compatible than organoclays with a polymer in the case of hydrophilic polymer like 
TPS. Second, I will talk on the halloysite containing bionanocomposite hydrogels with sodium hyaluronate(SH) 
and poly(hydroxyethyl methacrylate). Owing to the presence of the SH content, the bionanocomposite hydrogel 
exhibited not only pH sensitivity, but also uniform stabilization ability of the Hal in the hydrogel networks. The 
release studies suggested that the new type of bionanocomposite hydrogels is promising controlled-release carriers 
for colon cancer delivery.

[1] S.R. Lee, H.M. Park, H.T. Lim, T.K. Kang, X. Li, W.J. Cho, C.S. Ha, (2002). Microstructure, Tensile Properties, and Biodegradability of 
Aliphatic Polyester /Clay Nanocomposites. Polymer 43(8), 2495-2503.

[2] H.M. Park, C.S. Ha (2009). Barrier properties biodegradable nanocomposites. In: Barrier Properties of Polymer Clay Nanocomposites, 
Vikas Mitta ed., Nova, New York, 23, pp. 1-33.

[3] K.M. Rao, S. Nagappan, D.J. Seo, C.S. Ha (2014). pH sensitive halloysite-sodium hyaluronate/poly(hydroxyethyl methacrylate) nano-
composites for colon cancer drug delivery. Appl. Clay Sci. 97-98, 33-42.
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SULFAMERAZINE SCHIFF-BASE COMPLEXES INTERCALATED 
LAYERED DOUBLE HYDROXIDE FOR ANTIBACTERIAL APPLICATIONS 

mary jenisHa barnabas, surendran parambadatH, CHanG-sik Ha*
Department of Polymer Science and Engineering, Pusan National University, Busan 46241, Republic of Korea 
*csha@pnu.edu 

This study is aimed to evaluate the potential application of an antimicrobial system consisting of Cu(II) and Co(II) 
complexes of sulfamrazine-salicylaldehyde (SS) intercalated Mg/Al-layered double hydroxide [Cu(II)-SS-Mg/
Al-LDH and Co(II)-SS-Mg/Al-LDH]. The ligand was synthesized by reacting sulfamerazine and salicylaldehyde 
in methanol and further complexed with Cu(II) and Co(II) metal ions [Cu(II)-SS and Co(II)-SS]. The successful 
intercalation of Cu(II)-SS and Co(II)-SS into Mg/Al-LDH by delaminating/restacking method. The ligand SS, 
Cu(II)-SS, Co(II)-SS, Cu(II)-SS-Mg/Al-LDH and Co(II)-SS-Mg/Al-LDH were characterized by various physi-
co-chemical and spectroscopic methods viz. IR, UV-Vis, 1H and 13C NMR spectroscopy as well as X-ray diffrac-
tion, TG analysis, SEM and TEM analysis. The synthesized Cu(II)-SS-Mg/Al-LDH and Co(II)-SS-Mg/Al-LDH 
were used to study their antibacterial activity by inhibition zone method, where the LDH materials exhibited good 
activity against both gram positive (Staphylococcus aureus) and gram negative (Escherichia coli) bacteria. The 
results indicated that the Cu(II)-SS-Mg/Al-LDH and Co(II)-SS-Mg/Al-LDH can be used effectively for antimi-
crobial applications.

[1] Li D., Fan Y., Ding Y., Wei X., Xiao Y. (2017). Preparation of cobalt-copper-aluminium spinal mixed oxides from layered double hydrox-
ides for total oxidation of benzene. Catal. Commun. 88, 60-63.

[2] Laila H., Rahman A., Dief A.M.A., Khatib R.M.E., Fatah S.M.A. (2016). Some new nano-sized Fe(II), Cd(II) and Zn(II) Schiff base 
complexes as precursor for metal oxides: Sonochemical synthesis, characterization, DNA interaction, in vitro antimicrobial and anticancer 
activities. Bioorg. Chem. 69, 140-152.
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SYNTHESIS AND CARACTERISATION OF PALYGORSKITE 
FUNCTIONALIZED BY TIN DIOXIDE

aBdErrahmanE haBiBi (1), LaLa sEtti BELaroui (1,2), aBdELkadEr BEnguEddach (1), aLBErto LópEz 
Galindo (3), aránzazu peña Heras (3)
(1) Lab. of Chemistry of Materials (LCM), University of Oran 1, BP 1524 Oran El M’Naouer, Oran, Algeria, (2) Dep. of 
Pharmacy, Fac. of Medicine, University of Oran 1, BP 1510 Oran El M’Naouer, Oran, Algeria, (3) Instituto Andaluz de 
Ciencias de la Tierra (CSIC-UGR), Avda. de las Palmeras 4, 18100 Armilla, Granada, Spain

Palygorskite is a hydrated 2:1 aluminum - magnesium phyllosillicate, with fibrous morphology, it has a high spe-
cific surface area and negative lattice charges, which provide a high absorption capacity [1]. Algerian Pal material 
(Fig 1 a) is mainly composed of palygorskite (69%) and dolomite (19%), but also includes 6% of calcite, 3% of 
quartz, 3% illite, and traces of cristobalite [2]. The objective of this study is to synthesize nanocomposites by 
depositing SnO2 oxides on the surface of palygorskiteby in situ sol-gel method. SnO2-Pal was prepared by add-
ing tin chloride (SnCl2, 2H2O)in an acid medium. This solution was added into the clay suspension Pal at 1% in 
weight. The mixture reaction was stirred at 60 °C for 24 hours; the resulting suspension was centrifuged, washed, 
dried at 80 °C and calcined at 300 °C for 4 hours. The resulting sample was characterized by mean of XRD, FTIR 
and SEM. The XRD pattern show the formation of cassiterite particles (SnO2) identified by the peaks: d110 (3.31 
Å); d101 (2.62 Å); d211(2.35 Å), d440 (1.75 Å). The SEM images (Fig 1b and 1c) confirmed that casiterite particles 
were formed and uniformly distributed onto the surface of palygorskite nanorods. The resulting nanocomposite of 
SnO2-palygorskite is tested as an adsorbent for the removal of pharmaceuticals compounds from aqueous solution.

Fig.1. SEM images of samples: (a) Pal, (b) and (c) SnO2- Pal.

Thanks to the FP7 Marie-Curie Action IRSES-MEDYNA action under GA PIRSES-GA-2013-6125.

[1] Bradley, W.F. (1940): Frost, R.L., Ding, Z. (2003). Controlled rate thermal analysis and differential scanning calorimetry of sepiolites and 
palygorskites. Thermochim. Acta 39,119-128.

[2] Ouali, A., Belaroui, L.S., Bengueddach, A., López-Galindo, A., Peña, A. (2015). Fe2O3-palygorskite nanoparticles, efficient adsorbates 
for pesticide removal.Applied Clay Science, 115 (2015) 67-75.
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MINERALOGICAL AND GEOCHEMICAL CHARACTERIZATION OF THE 
GUENFOUDA KAOLIN DEPOSIT, EASTERN MOROCCO

amaL hachimi*, mostaFa BErkhLi, haFsa touraB, hassan mounach

University of Moulay Ismail, Faculty of sciences, Department of geology. PO. Box 11201 Zitoune, Meknès - Maroc. 
m.berkhli@fs-umi.ac.ma

The Guenfouda kaolin deposit is located on the northern flank of the Carboniferous Jerada Basin. The mineral-
ogical study showed that the source rock of this white clay is a volcanic rock with rhyolitic - rhyodacitic compo-
sition. The source rock was fractured after its emplacement and then was affected by hydrothermal alteration via 
circulation of paleofluids with a temperature lower than 300 °C [1]. The aim of this work is to characterize the clay 
of this deposit and determine its suitability for industrial applications. The characterization of the kaolin clay by 
different analytical methods, including X-ray diffraction (XRD), Fourier transform infrared (FTIR) spectroscopy 
and scanning electron microscopy (SEM/EDS):

X-ray diffraction analyses of whole rock showed that the Guenfouda kaolin is composed of kaolinite, illite, py-
rophyllite, chlorite, micas, apatite, jarosite, pyrrhotite and quartz. The qualitative and semi-quantitative analysis 
of the diffractograms of the clay fraction show that this clay consists essentially of illite, pyrophyllite, kaolinite, 
chlorite and quartz with a variable percentage at different zones of the quarry.

The FTIR spectrum of the clay is characterized by a band at 693 cm-1 corresponding to the Si-O bending of kao-
linite, a band at 798 cm-1 indicating the presence of quartz and, a band at 3404 cm-1 corresponding to the interlayer 
water of halloysite. These results are in line with XRD results and confirm the presence of kaolinite, illite, chlorite, 
micas and quartz in the studied clay. The EDS analyses show that this clay contains oxygen, silicon, aluminum, 
titanium and potassium. The center of the Guenfouda quarry is rich in titanium and devoid of potassium and its 
periphery is rather rich in potassium and free of titanium.

The comparison of the geochemical and mineralogical composition of Guenfouda kaolin with the industrial stand-
ards of materials used in various products shows that Guenfouda kaolin might be used in ceramics, paints, paper 
or in refractories.

[1] BERKHLI. (1993). Le Maroc oriental au Carbonifère inférieur (Viséen-Serpoukhvien) : sédimentologie et stratigraphie séquentielle. 
Thèse Université des sciences et technologies de Lille, France, 1127, 284 p. 
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MINERALOGICAL AND GEOCHEMICAL CHARACTERIZATION OF 
MATERIALS OF OULAD ALI AREA (NE MOROCCO): APPLICATION FOR 
THE MANUFACTURE OF BRICKS

amaL hachimi*, mostaFa BErkhLi, haFsa touraB, hassan mounach

University of Moulay Ismail, Faculty of sciences, Department of geology. PO. Box 11201 Zitoune, Meknès - Marocco 
m.berkhli@fs-umi.ac.ma

The Oulad Ali area is located 25Km NNW of Taourirt city (NE Morocco). It belongs to the Tertiary Basin of 
Taourirt, being situated in an intermediate position between a marine domain to the west (Guercif basin) and a 
continental domain located to the South and the East. Its sedimentary filling consists of a Turtonian-Messinian 
marine facies (blue marl) and more sandy coastal facies, discordant on a Jurassic or Paleozoic substratum [1]. The 
aims of this work is to give the mineralogical and geochemical characterization of the materials of Oulad Ali and to 
test its application for the manufacture of bricks. Different techniques have been used to achieve these objectives.

The results of the calcimetry show three groups of materials according to their CaCO3 content, corresponding to 
three types of rocks: limestone clays, marly-limestone clays and marls. These rocks belong to the plastic materials. 
X-ray fluorescence analysis shows that these materials are composed of SiO2 (37.74%), Al2O3 (10.97%), Fe2O3 
(4.75%), TiO2 (0.59%), CaO (15.49%), MgO (4.03%), Na2O (0.68%), K2O (2.25%), MnO (0.06%), P2O5 (0.14%) 
and LOI is 19.98% [2]. The X-ray diffraction (XRD) results show the presence of palygorskite, smectite, chlorite, 
illite, kaolinite and vermiculite. The XRD also showed the presence of a smectite monocrystal, sample (G-OMR). 
IR spectra showed that this smectite is dioctahedral. Chemical analysis shows that it is composed of Si, O, Al, Fe, 
Mg, K, Ca, and Na. Thermal analysis (DTA) confirms these results and showed that the dioctahedral smectite is 
nontronite.

Technological tests were carried out on two types of briquettes. The first type was made of a marl without further 
additions. The raw material of the second type is a marl from Oulad Ali (90%) with 10% additio of sand from 
Machraâ Hamadi. The prepared briquettes were subjected to five technological tests: fire loss, shrinkage on firing, 
apparent porosity, bulk density flexural strength.

The comparison of the two groups of briquettes, shows that the shrinkage during firing of briquettes with additives 
is lower compared to that of briquettes without additives. This explains the higher porosity of the briquettes with 
additives compared to their counterparts without aditives. Also, the apparent density is inversely proportional to 
the porosity. The mechanical resistance to bending of briquettes with additives is lower than that of briquettes with-
out additives [3]. These preliminary studies indicate that any modification of the compositions of the raw materials 
affects directly the technological properties of briquettes.

[1] Bouazza A., Aït brahim L., Dugué O., Cattaneo G., Laville E., Delcaillau B., Charroud M., de Luca P. (2009). Changements sédimentaires 
dans les bassins néogènes de Taourirt et Guercif Maroc Oriental: Recherche de l’épisode d’érosion messénien. European Journal of Sci-
entific Research ISSN 145e0-216X Vol.28 No.3, EuroJournals Publishing, Inc. pp. 317-327. 

[2] Elouazani A. (2014). Attapulgite d’Ait Ali - Couloir Taourirt-Oujda, Maroc, ONHYM, Rapport inédit.
[3] Hachimi A. (2015). Les marnes du Méssinien d’Oulad Ali (région de Taourirt, NE du Maroc) : caractérisations minéralogique et géochim-

ique, et valorisation. Mém. Master Géosciences, Université Moulay Ismail, Faculté des sciences de Meknès, 132 p.
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TRADITIONAL EXPLOITATION OF POTTERY AT THE ADENDIM AND 
WANINA BASINS; AIT OURIR AREA (HIGH ATLAS OF MARRAKECH, 
MOROCCO)

Fatiha hadach*, ahmEd aLgouti, aBdELLah aLgouti, zahra mouraBit, zouhair oughziF

Cadi Ayyad University, Faculty of Sciences Semlalia, Laboratory Geosciences, Geotourism, Natural Hazards and Remote 
Sensing”2GRNT”, Geology Department. BP 2390, 40000, Marrakech, Morocco 
*Fatiha.hadach@gmail.com

This contribution is to locate and characterize favorable layers for traditional pottery mining using geochemical 
analysis of clay samples in the High Atlas of Marrakech area. The macroscopic and microscopic descriptions of 
the different layers identified in the study area allow the interpretation of sedimentological and structural charac-
teristics of each facies. At the outcrop, these facies are generally marked by abundant desiccation figures and the 
presence of traces of biological activity, reflecting a low layer of water depositional environment under a moderate 
to low hydrodynamic regime. The geochemical analysis of claysamples shows relatively similar results to that 
of the Ourika Douar Tafza region, known for its traditional pottery mining. As such, we are convinced that the 
results presented in this work provide a good basisfor future potential developmental projects in the High Atlas of 
Marrakech area.

Keywords: Traditional pottery mining, clay geochemical analysis, High Atlas.

[1] Algouti, A. (1999). Le Sénonien (Coniacien, Santonien, Campanien et Maastrichtien) du Haut Atlas Occidental (Maroc): Sédimentologie, 
Stratigraphie Séquentielle, Biostratigraphie et Evolution Géodynamique. Thèse d’Etat Es-Sc, Univ. Cadi Ayyad, Marrakech, 1-418.

[2] Algouti, A., Algouti, A.B., Hadach, F. (2015). Le Crétacé supérieur de la région d’Imin’Tanout (Haut Atlas Occidentel. Maroc): Sédimen-
tologie, Biostratigraphie et Analyse Séquentielle. European Scientific Journal (ESJ), Volume 11, N°24, pp. 182-204.

[3] Hadach, F., Algouti, A., Algouti, A.B., Mourabit, Z. (2015). Example of paleosebkha littoral deposits of Senonian in the “Basins Zone” of 
AïtOurir (Marrakech High Atlas, Morocco).European Scientific Journal (ESJ), Volume11, N°8, pp. 306-316.
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PALEOENVIRONMENTAL OF THE RED FORMATION IN AIT OURIR 
AREA (HIGH ATLAS OF MARRAKECH, MOROCCO)

Fatiha hadach*, ahmEd aLgouti, aBdELLah aLgouti

Cadi Ayyad University, Faculty of Sciences Semlalia, Laboratory Geosciences, Geotourism, Natural Hazards and Remote 
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The detailed sedimentological study of the Senonian in the Wanina basin of AïtOurir basins attached to the north-
ern slope of the High Atlas Marrakech, gave the deposit silty carbonato-evaporite, which are carried out in an 
environment of type sebkha where alternate phases of detrital inputs, under a hot and arid climate and in conditions 
of bridging favoring the installation of evaporite deposition, and the phases of carbonate deposits more marine 
installed under the action of a slight increase in sea level degenerating quickly, in an upper intertidal temporarily 
emerged. In general these carbonate benches mark to their surfaces a rupture of the sedimentation that is material-
ized by ferruginous hardened surfaces.

Keywords: Marrakech High Atlas, Senonian, Sedimentation, Paleoenvironnement.
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AïtOurir (Marrakech High Atlas, Morocco). European Scientific Journal (ESJ), Volume11, N°8, pp. 306-316.
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TREATMENT OF PETROLEUM HYDROCARBONS-CONTAMINATED 
SOIL BY ADVANCED CHEMICAL OXIDATION

ouriaCHe Hadjer, arrar jazia
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Belfort, El-Harrach, 16110 Alger, Algeria 
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Background: Remediation of soils polluted by petroleum hydrocarbons is a very interesting topic in environmental 
research, several techniques have been used and others are in development. Advanced oxidation technologies have 
received increasing attention recently, for their significant effectiveness on various recalcitrant organic pollutants 
destruction. Among these technologies, we are interested in Fenton-like oxidation because of its application at 
neutral pH favored for indigenous microorganisms’ development for eventual biodegradation. Objectives: The 
present study aims to investigate the influence of hydrogen peroxide, iron zero-valent contents and chelating agent 
presence on petroleum hydrocarbons degradation efficiency by Fenton-like oxidation is evaluated. For this effect, 
we follow the temporal evolution of total petroleum hydrocarbons (TPH), the pH change, and the humidity was 
kept constant during the treatment period.

Methods: Our processing relates to abiotic systems, by varying hydrogen peroxide content and only based on the 
amount of iron that exists originally in soil, after choosing optimal hydrogen peroxide content, we set the hydrogen 
peroxide content and we varied the iron content, and finally the contents is fixed to hydrogen peroxide and iron and 
varying the content of the chelating agent (EDTA).

The reactors are under conditions of ambient temperature, neutral pH, protected from light to avoid photo- oxi-
dation phenomenon and stirring of 150 rd/min throughout the treatment. Conclusions: Degradation rate of total 
petroleum hydrocarbons (TPH) in the case of Fenton-like treatment by varying iron content, consequently ratio 
molar H2O2:Fe are between 21 and 40%. The optimal efficiency is obtained for a molar ratio H2O2:Fe of 15:4. The 
introduction of chelating agent in Fenton-like process in different ratios improves significantly TPH degradation 
efficiency, which reached 73%. A priori, chelating agent played an important role in maximizing iron catalytic 
activity.

Keywords: Fenton-like, EDTA, petroleum hydrocarbon, soils remediation, advances oxidation.
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FISCHER-TROPSCH SYNTHESIS OVER COBALT SUPPORTED ON 
PILLARED MONTMORILLONITE

qing-qing hao (1), zhao-tiE Liu (2), zhong-wEn Liu (2)*
(1) School of Chemical Engineering, Northwest University, Chemical Engineering Research Center of the Ministry of 
Education for Advanced Use Technology of Shanbei Energy, Xi’an 710069, China, (2) Key Laboratory of Applied Surface and 
Colloid Chemistry, MOE, School of Chemistry & Chemical Engineering, Shaanxi Normal University, Xi’an 710119, China

Fischer-Tropsch (FT) synthesis is an effective process for producing clean fuels from syngas originating from 
coal, natural gas, and biomass. However, the FT products, which are controlled by the Anderson-Schulz-Flory 
(ASF) polymerization kinetics, are very complicated mixtures and nonselective to any specific hydrocarbons. For 
selectively synthesizing liquid fuels, the best strategy is to make an efficient bifunctional catalyst, in which an FT 
active metal is integrated with a solid acid having suitable acidity and mesoporosity. Over the bifunctional catalyst, 
the reaction of hydrocracking and/or isomerization of FT heavier hydrocarbons to middle-distillate products will 
occur [1,2]. Pillared montmorillonite (PILM) is a solid acid characterized by high surface area, adjustable porosity 
and acidity, which make the Co/PILM a promising bifunctional catalyst for selectively synthesizing liquid fuels 
via the FT synthesis. In our previous work, Co supported on a series of PILMs (Al2O3-PILM, SiO2-PILM, and 
ZrO2-PILM) were investigated for controlling the product distribution of FT synthesis. Although the Co/PILMs 
can effectively narrow the product distribution of FT synthesis, the minimum selectivity of C21+ hydrocarbons is 
still above 12% [3].

Thus, in order to further investigate the effect of basal spacing, surface area, porous structure, and acidity of PILM 
on the FT synthesis, and further decrease the selectivity of C21+ hydrocarbons, herein, the hybrid PILMs, i.e. 
SiO2-Al2O3-PILM, SiO2/ZrO2-PILM, SiO2/TiO2-PILM, Al2O3-ZrO2-PILM were prepared, and the Co/PILMs were 
evaluated for catalyzing the FT synthesis. The results indicated that both the activity, selectivity of hydrocarbon, 
and the stability of the catalysts for FT synthesis were changed with the porous structure, acidity, and metal oxides 
in the clay interlayer, which are well correlated with the characterization results. Moreover, a high-performance 
catalyst for the FT synthesis was obtained. With a similar CO conversion and CH4 selectivity to a typical FT cat-
alyst of Co/SiO2, the optimal catalyst of SiO2/ZrO2-PILM showed a high selectivity to C5-C20 liquid fuels (>64%) 
and very low selectivity to C21+ hydrocarbons (<5%). 

[1] Zhang Q., Cheng K., Kang J., Deng W., Wang Y. (2014). Fischer-Tropsch catalysts for the production of hydrocarbon fuels with high 
selectivity. ChemSusChem, 7, 1251-1264.

[2] Hao Q.-Q., Liu Z.-W., Zhang B., Wang G.-W., Ma C., Frandsen W., Li J., Liu Z.-T., Hao Z., Su D.S. (2012). Porous montmorillonite 
heterostructures directed by a single alkyl ammonium template for controlling the product distribution of Fischer-Tropsch synthesis over 
cobalt. Chem. Mater., 24, 972-974.

[3] Hao Q.-Q., Wang G.-W., Liu Z.-T., Lu J., Liu Z.-W. (2010). Co/pillared clay bifunctional catalyst for controlling the product distribution 
of Fischer-Tropsch synthesis. Ind. Eng. Chem. Res., 49, 9004-9011.
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THE USAGE OF MODIFIED PUMICE WITH NANO ZERO-VALENT IRON 
IN REMOVING OF ZINC FROM WATER
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(1) Technical Science Vocational School, Suleyman Demirel University, Isparta 32260 Turkey, (2) Department of 
Environmental Engineering, Suleyman Demirel University, Isparta 32260, Turkey 
*ilkerharman@sdu.edu.tr

The main objective of this research was to investigate the removal of a heavy metal through adsorption from wa-
ter. Novel pumice supported nano zero-valent iron (P-nZVI) was tested as adsorbent for zinc. The nanoscale zero 
valent iron supported on pumice was synthesized by using conventional liquid-phase method, the reduction of 
FeCl3 conducted using NaBH4 as reducing agent and then supported on to the pumice with reference to Liu et al. 
[1,2]. Adsorbent dose, pH and temperature of solution and initial metal concentration on the rate of zinc removal 
were studied. All adsorption experiments were conducted employing the variable-dose completely mixed batch 
reactor bottle-point method. nZVI coating of natural pumice significantly increased its zinc uptake. More than 90% 
of zinc was removed by P-nZVI with a dosage of 1 g/L in 20 minutes. A strong linear correlation was observed 
between the nZVI surfaces of modified pumices and their Freundlich affinity parameters (KF). Three different pH 
of solution (4.0, 5.0 and 7.0) were tested in this study. The removal of zinc was always more than 90% of the initial 
amount present. Our results indicate that zinc adsorption was independent of solution pH used in the experiments. 
Thermodynamic data (ΔG°, ΔH° and ΔS°) showed that the adsorption reactions between zinc and P-nZVI surfaces 
were spontaneous and the sorption process was endothermic. The overall results of this study showed that the 
P-nZVI exhibited a high efficiency for zinc removal from contaminated water andin this context P-nZVI may be a 
promising novel adsorbent for this purpose.

[1] T. Liu, Z.L. Wang, X. Yan, B. Zhang. Removal of mercury (II) and chromium (VI) from wastewater using a new and effective composite: 
Pumice-supported nanoscale zero-valent iron, Chemical Engineering Journal 245 (2014) 34-40.

[2] T. Liu, Z.L. Wang, Y. Sun. Manipulating the morphology of nanoscale zero-valent iron on pumice for removal of heavy metals from 
wastewater, Chemical Engineering Journal 263 (2015) 55-61.
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DIRECT IN-SITU POLYMERIZATION TO PRODUCE 
POLYCAPROLACTONE/MAGHNITE NANOCOMPOSITES
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Poly (e-caprolactone) (PCL)/Montmorillonite layered silicate nanocomposites have the advantage adding bio-
compatibility and biodegradability to the traditional properties of nanocomposites. They can be prepared by in-si-
tu ring-opening polymerization of e-caprolactone using conventional initiator to induce polymerization in the 
presence of an organophilic clay, such as organomodified montmorillonite. In this work, we have used an alter-
native method to prepare poly(e-caprolactone)/montmorillonite nanocomposites. The cationic polymerization of 
e -caprolactone was initiated directly by Maghnite-TOA, organomodified montmorillonite clay, as a catalyst, to 
produce nanocomposites (Scheme 1). Resulted nanocomposites were characterized by X-ray diffraction (XRD), 
transmission electron microscopy (TEM), force atomic microscopy (AFM) and thermogravimetry.

Preparation of nanocomposites PCL/ Maghnite-TOA
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EFFECT OF CLAY MINERALOGY ON POTASSIUM FORMS AND 
AVAILABILITY IN PADDY AND NON-PADDY SOILS
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Potassium content in soils depends on the type of parent material and degree of soil and mineral weathering. Soil 
K exists in four forms that are in equilibrium, each differing in its availability to crops. These forms, in increasing 
order are: mineral, non-exchangeable (fixed or difficultly available), exchangeable, and solution (Havlin et al., 
2004). Most of the K in soil is held in the primary minerals like micas and potassic feldspars (microcline) and 
secondary minerals. The soil silicate clay minerals (2:1) have a notable influence in soil potassium availability, 
and the presence of 2:1 clay minerals, even in subsidiary quantities, increases the effective K availability in soils. 
In general, soils that are rich in vermiculite and micas can have large amounts of non-exchangeable K, whereas 
soils containing much kaolinite, quartz and other siliceous minerals contain less available and exchangeable K 
(Martin and Sparks, 1985). Hashemi and Abbaslou (2016), a significant correlation was observed between non 
exchangeable potassium and illite mineral. Based on the previous soil survey and reports 9 pedons were inves-
tigated that five pedone were located in paddy rice cultivation and four pedons investigated in sugare beet and 
canola cutivations. Soil samples from all horizons were collected from paddy and non paddy cultivations and 
analyzed in laboratory. Some physical and chemical properties of the soil samples were determined according to 
standard method. Pedons were described and classified according to the Soil Survey Manual (2012) and Keys to 
Soil Taxonomy (Soil Survey Staff, 2014). All pedons classified to inceptisols order which were located in flood 
plains, alluvial and piedmont plains. Different potassium forms were determined by the method Helmeke and 
Sparks (1996). Mineralogical study was made with Moore and Reynolds (1997) method. The results revealed that 
potassium different forms reduced with increasing depth in all pedons. The results showed that the mean of solu-
tion, exchangeable, non-exchangeable and total potassium in canola cultivation (equal to 41.7, 135.7, 393.9 and 
6075 mg/Kg, respectively) more than sugar beet cultivation (equal to 16.6, 107.3, 228.7 and 4900, respectively). 
Smectite were observed in two products (sugar beet and canola) frequency. The presence of this mineral has basic 
role on exchangeable potassium. Sugar beet is high nutrient requiring crop, however induced to removal potassium 
of soils. The results showed that mean of solution (44.2 mg/Kg), exchangeable (311 mg/Kg), non exchangeable 
(1585.4 mg/Kg) and total potassium (7251.1 mg/Kg) in paddy rice higher than upland products (sugar beet and 
canola). The clay content is major factor for high presence of solution, non exchangeable and total potassium in 
paddy rice. Smectite (20-30%) and vermiculite (30-50%) minerals in the surface soil and illite mineral (20-30%) 
in subsurface layer are other parameter, too. In paddy rice, high amount of clay particles induce to increasing of 
clay minerals and this factor affecting on total potassium. The presence of these minerals can be the reason of high 
levels of total K. In this research, concluded that potassium status of the soils is greatly influenced by the type of 
clay minerals, their abundance in soils and cultivation type. 

[1] Hashemi S.S., Abbaslou H. (2016). Potassium reserves in soils with arid and semi-arid climate in southern Iran: a perspective based on 
potassium fixation. Iran Agriculture Research, 35(2): 88-95.

[2] Havlin J.L., Beaton J.D., Tisdale S.L., Nelson W.L. (2005). Potassium. 7th ed. Soil Fertility and Fertilizers: An Introduction to Nutrient 
Management. Upper Saddle River, New Jersey. pp. 199-218.

[3] Helmke P.A., Sparks D.L. (1996). Lithium, sodium, potassium, rubidium, and cesium. In D. L. Sparks et al. (ed.) Method of soil analysis. 
Part III. 3rd Ed. Am. Soc. Agron., Madison, WI. p. 551-574.

[4] Martin H.W., Sparks D.L. (1985). On the behavior of non-exchangeable potassium in soils. Communications in Soil Science and Plant 
Analysis, 16:133-162.

[5] Moore D.M., Reynolds R.C. (1997). X-Ray Diffraction and the identification and analysis of Clay Minerals. Oxford University Press. 
USDA.

[6] Soil Survey Staff. (2012). Soil Survey Manual. USDA. Handbook No. 18. Washington, D.C.
[7] Soil Survey Staff. (2014). Keys to Soil Taxonomy. USDA.NRCS. Washington, D.C.
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INHIBITION OF SHALES SWELLING USING INORGANIC SALTS AND 
NANOSCALE OXIDES

moHamed faraGe, mervat s. Hassan*
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Problems caused by shales in petroleum activities are not new. At the beginning of the 1950s, many soil mechan-
ics experts were interested in the swelling of clays, which are important for maintaining wellbore stability during 
drilling, especially in water-sensitive shale and clay formations. The rocks within these types of formations absorb 
the fluid used in drilling, which causes them and may lead to a wellbore collapse. In drilling fluids, the terms in-
hibit, inhibition and inhibitive mud system refer to arresting or slowing the hydration, swelling and disintegration 
of clays and shales.

Shale cuttings consist of different montmorillonite content collected from different core samples were evaluated 
using X-ray diffraction (XRD), X- ray Fluorescence (XRF), Cation Exchange Capacity (CEC) using Methylene 
Blue (MB). Swelling index of the shale measured using compressed disks of the shale in contact with OCMA 
bentonite for 20 hrs. using Linear Swelling Meter (LSM). Inorganic salt in term of Potassium chlorite (KCl) and 
nanoscale oxides in terms of ZnO, SiO2 and TiO2 used as inhibitor of swelling of shale cuttings. All these inhibitor 
are added to OCMA bentonite.

Shale core samples consist of Ca-montmorillonite followed by Kaolin in addition of trace of illite. Quartz consid-
ered as main non-clay minerals followed by Feldspar, calcite, Siderite and Pyrite. Shale C has the highest mont-
morillonite content followed by Shale B and finally shale A.

Swelling of the shale directly related to the montmorillonite content, more montmorillonite means more swelling 
in contact with OCMA bentonite. Swelling of Shale cuttings decreased in the direction A<B<C. However, shale A 
stop swell after 2 hours compared with that of shale B and C (3 hours).

The inhibition of swelling of these shale cuttings using 1-4% KCl achieved decreasing in swelling ranged from 
17% at 2% (shale A), 22% at 3% (shale B) and 30% at 4% (shale C). This demonstrates that the addition of KCl to 
solutions of clay inhibitors improves their ability to reduce the absorption of aqueous fluid by shale. The variation 
in KCl% needs to exchange the interlayer cations of montmorillonite to K form (K -fixation) directly related to 
montmorillonite content.

Meanwhile, the effect of nanoscale oxides as inhibitor was great compared with KCl. These nanoscale oxides 
caused dramatic decreases in swelling of shales. Nanoscale SiO2achieved almost 50% decrease in swelling of 
shales at 0.25% in contact with OCMA bentonite. Meanwhile ZnO and TiO2 caused less swelling decreaseing at 
the same concentration (0.25%) ranged between 25 and 38% for ZnO and TiO2 respectively. The mechanism of 
KCl and nanoscales oxides as inhibitors is different. Nanoscale oxide precipitate into pore spaces and onto the 
surfaces of shales and cuttings prevent adsorption of fluid and reduced swelling.
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RECENT ADVANCED IN LAYERED DOUBLE HYDROXIDES FOR GREEN 
CATALYSIS
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China 
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Layered double hydroxides (LDHs), also known as hydrotalcite-like materials, are a class of two-dimensional (2D) 
anionic clays consisting of positively charged host layers and exchangeable interlayer anions [1]. LDHs has found 
extensive applications in diverse areas such as biology and medicine, separation science, and optical materials, as a 
result of their versatility in chemical composition. Recently, considerable attention has been focused its application 
as precursor for supported metal catalysts and intercalated chiral catalysts for green catalysis [2]. Benefiting from 
the atomic-scale distribution of metal cations in the brucite-like layer of LDHs and the lattice confinement/induce-
ment effects in the topotactic transformation, homogeneously dispersed metal particles in high-density or pseu-
do-single-atom metal sites have been afforded, which exhibit excellent catalytic activity, selectivity, and stability 
in the syngas conversion, nanotube carbon synthesis, paraffin isomerization, and etc. [3] Owing to the tunability 
of interlayer anions, diversified molecular catalytic sites, including chiral complex or amine segment, could be 
intercalated into the interlayer space as anions, affording intercalated chiral catalysts [4]. In virtue of confinement 
of interlayer space or the steric synergies of rigid LDH layers, remarkable enhancement of chiral induction has 
been achieved in asymmetric sulfoxidation or epoxidation. The ‘huge’ brucite-like layers make a stable ‘rigid’ en-
vironment around the chiral centre, and thus have significant impact on the enantiomeric selectivity by restricting 
or directing the access trajectory of reactant molecules. In virtue of the desired basicity afforded by the layers of 
LDHs, impressive enhancement of the catalytic activity in C-H activation has been achieved. 

[1] He J., Wei M., Li B., Kang Y., Evans D. G., Duan X. (2006). Preparation of Layered Double Hydroxides. Struct Bond, 119, 89.
[2] He S., An Z., Wei M., Evans D. G., Duan X. (2013). Layered Double Hydroxide-Based Catalysts: Nanostructure Design and Catalytic 

Performance. Chem Commun, 49, 5912; An Z., He J., Duan X. (2013). Catalysts with Catalytic Sites Highly Dispersed from Layered 
Double, Chin J Catal, 34, 225; An Z., He J., Duan X. (2012). Layered Materials and Catalysis, Scientia Sinica Chimica, 42, 390.

[3] Ning X., An Z., He J. (2016). Remarkably Efficient CoGa Catalyst with Uniformly Dispersed and Trapped Structure for Ethanol and 
Higher Alcohol Synthesis from Syngas, J Catal, 340, 236; Zhu Y., An Z., He J. (2016). Single-Atom and Small-Cluster Pt Induced by Sn 
(IV) Sites Confined in an LDH Lattice for Catalytic Reforming, J Catal, 341, 44; Ma X., An Z., Zhu Y., Wang W., He J. (2016). Pseu-
do-Single-Atom Platinum Induced by the Promoter Confined in Brucite-like Lattice for Catalytic Reforming, ChemCatChem, 8, 1773; 
Zhao M. Q., Zhang Q., Zhang W., Huang J. Q., Zhang Y., Su D. S., Wei F. (2010). Embedded High Density Metal Nanoparticles with 
Extraordinary Thermal Stability Derived from Guest-Host Mediated Layered Double Hydroxides. J Am Chem Soc, 132, 14739; He L., 
Huang Y., Wang A., Wang X., Chen X., Delgado J. J., Zhang T. (2012). A Noble-Metal-Free Catalyst Derived from Ni-Al Hydrotalcite for 
Hydrogen Generation from N2H4·H2O Decomposition, Angew Chem Int Ed, 51, 619.

[4] Wang J., Zhao L., Shi H., He J., (2011). Highly Enantioselective and Efficient Asymmetric Epoxidation Catalysts: Inorganic Nanosheets 
Modified with α-amino Acids as Ligands, Angew Chem Int Ed, 50, 9171; Liu H., An Z., He J., Nanosheet-Enhanced Rhodium(III)-Cataly-
sis in C-H Activation. (2014). ACS Catal, 4, 3543; Liu H., Zhao L., Wang J., He J.. (2013). Multilple Host-Guest Interactions in Heteroge-
neous Vanadium Catalysts: Inorganic Nanosheets Modified Alpha-Amino Acids as Ligands, J Catal, 298, 70; Shi H., Yu C., He J. (2010). 
Constraining Titanium Tartrate in the Interlayer Space of Layered Double Hydroxides Induces Enantioselectivity. J Catal, 271, 79; Shi H., 
Yu C., He J. (2011). Orientated Intercalation of Tartrate as Chiral Ligand to Impact Asymmetric Catalysis, J Catal, 279,155; Zhao L., Shi 
H., Wang J., He J. (2012). Nanosheet-Enhanced Enantioselectivity in the Vanadium-Catalyzed Asymmetric Epoxidation of Allylic Alco-
hols, Chem Eur J, 18, 9911; Zhao L., Shi H., Wang J., He J. (2013). Validity of Inorganic Nanosheets as an Efficient Planar Substituent To 
Enhance the Enantioselectivity of Transition-Metal-Catalyzed Asymmetric Synthesis, Chem Eur J, 19, 12350; Zhao L., Shi H., Wang J., 
He J. (2012). Nanosheet-Enhanced Asymmetric Induction of Chiral a-Amino Acids in Catalytic Aldol Reaction, Chem Eur J, 18, 15323.
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MOLECULAR DETAILS OF PHOTORESPONSES OF SWITCHABLE 
AZOBEZENE DERIVATIVES AND ALKYLAMMONIUM SURFACTANTS IN 
CLAY INTERLAYER SPACES 

hEndrik hEinz
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The molecular-level orientation and reorganization of model azobenzene derivatives in the interlayer space of 
layered silicates upon laser excitation was examined by molecular dynamics (MD) simulation in comparison with 
existing X-ray diffraction data and UV/vis absorption measurements. MD results show uniform reversible changes 
in basal plane spacing of montmorillonite up to 2.8 Å (14%) upon trans-cis isomerization of attached photoactive 
surfactants such as (4,4′-phenylazophenyl)-diammonium ions and (4-phenylazophenyl)ammonium ions. Uniform, 
significant responses are supported by the presence of cointercalate to compensate changes in interlayer density, 
by conformational rigidity and upright orientation of the azobenzene-containing surfactants on the mineral surface, 
and a medium-to-high packing density [1]. Experimentally, Okada et al. have shown nonuniform reversible optical 
switching of the gallery height for semiflexible surfactants up to 10 Å (41%) in the presence of phenol and uniform 
reversible optical switching of 0.9 Å (4%) without cointercalates [2]. Further experimental data also show the 
absence of changes in gallery spacing for azobenzene derivatives with attached flexible hydrocarbon chains at low 
packing density without cointercalates and are explained by simulation. From a methods viewpoint, an approach is 
introduced to simulate the photoisomerization reaction using classical molecular dynamics, taking quantitatively 
into account the input of photon energy, the time scale of the isomerization (~1 ps), and the relative energies of the 
trans and of the cis isomer, as well as the thermal conversion barrier. A temporary modification of the C-N=N-C 
torsion potential describes the input of photon (excitation) energy, which can be applied to common force fields 
(including PCFF, OPLS-AA, COMPASS, CVFF, AMBER, CHARMM) and facilitates the simulation of the pho-
toisomerization reaction as a function of molecular environment, pressure, temperature, and excitation time [3].

We will also discuss the interlayer structure and cleavage energy of 50 different alkylammonium-modified mont-
morillonites of different cation exchange capacity (CECs of 91 meq/100 g and 143 meq/100 g), head group struc-
ture, and chain length by comparison of experimental data and molecular dynamics simulations [1]. The interlayer 
density and the cleavage energy are lower for partially packed, flat-on alkyl multilayers in the interlayer space and 
higher for densely packed, flat-on alkyl multilayers in the interlayer space, in agreement with trends in gallery 
spacing and molecular conformation. Particularly high cleavage energies, in excess of 60 mJ/m2, are found when 
charged head groups of surfactants are not vertically separated between the clay mineral layers at equilibrium dis-
tance due to strong contributions from Coulombic cohesion. A widely tunable range of cleavage energies between 
25 and 210 mJ/m2 was identified. Alkylammonium-modified clay minerals with the lowest cleavage energy are 
of particular interest as additives for nanocomposites with increased potential for exfoliation and dispersion in 
nonpolar host media.

[1] Heinz H. (2012). Clay Minerals for Nanocomposites and Biotechnology: Surface Modification, Dynamics and Responses to Stimuli. Clay 
Min. 47, 205-230.

[2] Okada T. (2005). Photoregulation of the Intercalation Behavior of Phenol for Azobenzene-Clay Intercalation Compounds. J. Mater. Chem. 
15, 987-992.

[3] Heinz H., Vaia R.A., Koerner H., Farmer B.L. (2008). Photoisomerization of Azobenzene Grafted to Layered Silicates: Simulation and 

Experimental Challenges. Chem. Mater. 20, 6444-6456. 
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CLAY/WATER INTERFACIAL MODELS (KAOLINITE, MICAS, 
MONTMORILLONITE) TO REPRODUCE HYDRATION ENERGIES, 
CONTACT ANGLES AND ORGANIC ADSORPTION 
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In this lecture, clay/water interfacial models and adsorption of organic compounds will be discussed. Recent devel-
opments of clay models allow rather precise simulations of cell parameters and surface properties of clay minerals, 
including surface energies, interfacial energies with different solvents, and their electrostatic and van-der-Waals 
energy contributions. In particular, calculations of hydration energies, contact angles, and binding energies of or-
ganic and biological molecules will be discussed at hand of examples. Important aspects of clay surface chemistry 
and their inclusion in molecular models will be described, for example, composition, cation exchange capacity, the 
role of divalent versus monovalent ions and pH. Adsorption of organic molecules and polymers is influenced by 
factors such as the presence of cationic groups, ability for hydrogen bonding to superficial oxygen in silicate rings 
or AlOH groups, as well as hydrophobic depletion forces. A visible role is hereby also played by the hydration 
shells of ions on the surface of clay minerals, which simulations can visualize. The influence of ionic strength, 
concentration, and pH on conformations and adsorption energies of peptides and carbohydrate polymers on clay 
surfaces will discussed by means of simulations and comparisons to measurements. 

[1] Heinz H. (2012). Clay Minerals for Nanocomposites and Biotechnology: Surface Modification, Dynamics and Responses to Stimuli. Clay 
Min. 47, 205-230.

[2] Heinz H., Lin T.Z., Mishra R.K., Emami F.S. (2013). Thermodynamically Consistent Force Fields for the Assembly of Inorganic, Organic, 
and Biological Nanostructures: The INTERFACE Force Field. Langmuir 29, 1754-1765.

[3] Underwood T., Erastova V., Greenwell H.C. (2016). Wetting Effects and Molecular Adsorption at Hydrated Kaolinite Clay Mineral Sur-
faces. J. Phys. Chem. C 120, 11433-11449.

[4] Heinz H., Koerner H., Anderson K., Vaia R.A., Farmer B.L. (2005). Force Field for Mica-Type Silicates and Dynamics of Octadecylam-
monium Chains Grafted to Montmorillonite. Chem. Mater. 17, 5658-5669. 
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CLAY MINERALOGY AND GENESIS OF THE Ni-Co LATERITIC DEPOSIT 
IN THE ÇALDAĞ REGION (MANISA, WEST ANATOLIA), TURKEY
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The Çaldağ Ni-Co deposit is characterized by a reddish-brown oxide laterite, containing residual Ni deposits 
formed by the intense tropical weathering (lateritization) of peridotites. Ni-Co ore is associated with allochthonous 
lateritization during the Upper Paleocene-Middle Eocene, represented by colloform Fe-oxyhydroxides and au-
tochtonous lateritization during Oligocene. The lateritic units are developed over serpentinized dunitic ultramafic 
rocks and consist mainly of smectite, berthierite, kaolinite, gypsum, pyrite, takovite, and pecoraite. These units 
were examined by using polarized-light microscopy, X-ray diffraction, scanning and transmission electron mi-
croscopy (SEM and STEM) and geochemical methods. Mineralogical zonation from the base of the laterite profile 
upwards followed the sequence: serpentinized ultramafic rocks, clay zone, carbonate- and sulfide-bearing zone, 
Fe-oxyhydroxide zone and silica-rich zone. In addition, Fe-oxyhydroxides, smectite and opal-CT, and quartz in-
crease towards the surface, whereas olivine, pyroxene and serpentine decrease upwards in response to chemical 
weathering. Micromorphological images revealed that smectite, kaolinite, and Fe-oxyhydroxides are the main 
alteration products of ultramafic units developed in dissolution voids via the circulation of meteoric water in the 
serpentinized ultramafic units. Texturally and micromorphologically, the presence of secondary calcite, gypsum, 
goethite, hematite, and pyrite in association with the laterite indicates the influence of chemical weathering pro-
cesses. STEM determinations reveals that Ni occurs in the structures of smectite, berthierine, kaolinite, serpentine, 
goethite, pecoraite, asbolane, brindleyite and takovite. Ni-Co mineralization associated with Fe-oxyhydroxides 
and smectitic clays formed under wet and dry conditons, respectively as a result of an increased Fe2O3+Al2O3+Ni+-
Co/MgO ratio. Thus, serpentine, smectite, and berthierine show average structural formulae of 

(Si3.61Al0.07Fe0.33)(Fe0.70 Mg4.91 Mn0.02Cr0.05Ni0.15)(Ca0.01K0.01); 

(Si6.71 Al1.17 Fe0.12)(Al1.61Fe1.10Mg1.05Ti0.37Mn0.03Ni0.62)(Ca0.11Na0.02K0.01); and

(Si2.53Al1.47)(Al0.60 Fe2.75 Mg0.27 Mn0.45 Ti0.001 Cr0.07Ni0.81 Co0.07)(Ca0.06Na0.08K0.01);

respectively. Ni and Co substitute for octahedral Fe in the structure of serpentine, smectite, and berthierine. Thus, 
Ni and Co are concentrated significantly in altered units, and are correlated positively with Fe2O3 content, con-
trolled mainly by the formation of Fe-rich clays, Fe-(oxyhydr)oxide phases in addition to Ni-minerals. Field obser-
vations, mineralogical and geochemical analyses reveal that the smectite formed under basic conditions controlled 
by multistage chemical weathering of ultramafic sand volcanics, and the concentration of Fe, Mg, Al, Si, Ca, and S. 
Precipitation of goethite, gypsum, pyrite, kaolinite, and berthierine developed under acid conditions in dissolution 
voids in association with smectite.

Acknowledgments: this study was supported by both Texas Tech University, Texas, USA and the Scientific and Technological Research Coun-
cil of Turkey (TUBITAK) in the framework of Project 104Y337.

Keywords: Ni-Co laterite deposit, Ni-minerals, Smectite, Clay minerals, Ultramafics, Çaldağ deposit, Turkey.
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MODELIZATION OF THE HYDROLYSIS REACTION OF SILOXANE 
BONDS IN THE TETRAHEDRAL SHEET OF PHYLLOSILICATES
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Universität Bochum, Bochum, Germany, (4) INAC, SCIB, Laboratoire “Lésions des Acides Nucleiques”, UMR CEA-UJF 
E3, CEA-Grenoble, Grenoble, France

Phyllosilicates are important minerals usually found in the Earth’s crust, as well as in the upper mantle. In rock 
and soils, weathering and alteration are induced by the interaction of water molecules with mineral surfaces. After 
adsorption on the surface, water reacts with the different superficial groups, hydrolyzing the structure. The disso-
lution mechanism of the SiO4 groups proceeds by hydrolysis of siloxane bonds (Si-O-Si). As a general rule, acid 
pH conditions increase reaction rate.

In this work, basal tetrahedral sheet of phyllosilicate structure is modelled with quantum mechanical calculations 
by using the following molecular clusters: i) by linear models, resulting in a cluster of HSi(OH)2OSi(OH)2OSi-
H(OH)2; and ii) by one model of hexagonal cavity made of SiO4 units, being the dangling bonds saturated with 
H atoms, resulting in a cyclic molecular cluster of Si6O18H12. The acid pH of the media is modeled by adding one 
proton to the siloxane oxygen. Critical points (CP) of the potential energy surface (PES) of the hydrolysis reaction 
on neutral and protonated models are calculated at the B3LYP/6-311++G(3df,2p)//6-311++G** level in gas phase 
and with a water SMD Polarizable Continuum Model. 

Two main mechanisms are found: i) one water molecule attacks a O-Si-O group, forming a trigonal two-pyramidal 
reactant complex, and a hydrolysis transition state (TS) is found, where a H atom of the water molecule is trans-
ferred to the siloxane O atom, hydrolyzing the Si-O bond; and ii) in the acid model, a water molecule interacts with 
the closest Si-O bond to the protonated O atom, and the interaction of the water lets the H+-O-Si bond reach a TS, 
decreasing the activation energy [Δ(Etotal+ZPE)] with respect to the previous TS of hydrolysis. The first mech-
anism is found in neutral and acid hydrolysis. However, the second mechanism is found only in the acid model, 
which could be considered as an acid dissolution mechanism, catalyzed by the water, which lets it reach the right 
molecular structure for breaking the Si-O bond.

Acknowledgments: financial support was obtained from Spanish MINECO projects (CGL2014-55108P, FIS2013-48444-C2-2-P) with contri-
bution of FEDER funds.
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PRESSURE EFFECTS IN MUSCOVITE-PARAGONITE AND MUSCOVITE-
PHLOGOPITE SERIES TO 9 GPa
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Département de Chimie Moléculaire, Université Grenoble Alpes, France, (4) Lehrstuhl für Theoretische Chemie, Ruh-
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Comunicaciones, University of Granada, Granada, Spain, (6) Department of Mineralogy, University of Granada, Granada, 
Spain, (7) Department of Earth, Ocean and Atmospheric Sciences, Florida State University, Tallahassee, Fl, USA

Phyllosilicates are abundant minerals in soils and rocks (igneous, metamorphic, and sedimentary rocks) of the 
Earth’s crust, and even they are found in the Earth’s upper mantle. They are typically formed as alteration products 
and helps in transporting significant amount of water into the Earth’s interior via subduction. Muscovite (Ms) and 
Paragonite (Pg) belong to the 2:1 dioctahedral layer silicates, and Phlogopite (Phl) belongs to the trioctahedral lay-
er silicates. They are considered useful petrogenetic and geological history indicators, and geobaro-thermo-meters. 

Ms, Pg, and Phl are the ideal end members of the Ms-Pg and Ms-Phl series, which can be described by the follow-
ing ideal formula K1-xNaxAl2-yMg(y+y*0.5)(Si4-zAlz)O10(OH)2, when y = 0, 0 ≤ x ≤ 1 and z ≈ 1 is the solid solution (SS) 
of Ms-Pg and when x = 0, 0 ≤ y ≤ 2 and z ≈ 1 is the SS of Ms-Phl. This computational research has been carried 
out in the 2M1 polytype. Pressure (P) affects significantly to the crystal structure and behavior of both SS. Most 
of the end members have been studied by different experimental techniques. In this work we present a systematic 
computational study of the effect of P on the crystal structure, polyhedrals, bulk moduli, atomic bulk moduli, elas-
tic constants, excess properties and variation of the gap of solubility with P on both SS. 

The SS have been calculated by DFT with Siesta and Quantum Espresso (QE) codes. Numerical atomic orbital 
with double-ζ plus polarization functions basis sets, GGA, PBE and Troullier Martins norm-conserving pseudo-
potentials have been used in Siesta calculations, and plane waves, B86BPBE corrected with the exchange-hole 
dipole moment (XDM) model and PAW potentials have been used in QE runs. P has been in the range of small 
tractions to 9 GPa. 

The calculated crystalline structures and bulk moduli agree with the known experimentally values of some mem-
bers of the SS. Behavior of the different members of the SS at different P is fitted to Birch-Murnagham EoS and fi-
nally studied as a function of the composition. Elastic constants of the Ms-Pg series are also calculated at different 
P. The interlayer modulus is the smallest of the crystal cell, and the atomic moduli of the K and O of the interlayer 
are also the smallest, giving us a compression mechanism. Volume excess properties are studied at different P, be-
ing fitted to a Redlich-Kister model, which let us to calculate the excess Gibbs free energy and study the behavior 
of the solvus of the SS as a function of P. The behavior of both SS is different.
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BATALLONES DEPOSIT (MADRID BASIN, SPAIN)
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The Neogene Madrid Basin has significant deposits of magnesian clays (e.g. sepiolite, Mg-bentonite) that were 
formed during the Miocene age. The environmental conditions correspond to lacustrine-palustrine environments 
developed in an endorheic basin under a semi-arid climate. The interest of these magnesian clay minerals is related 
mostly with their industrial applications but also with the establishment of their origin and the genetic relationship 
between them. Although different models have been proposed for their origin, the role of authigenic process (trans-
formation vs. neoformation) still remains unclear in some sedimentary sequences. In this research, we study transi-
tional lithofacies between mud flat and palustrine environments formed by Mg-smectite and sepiolite, respectively. 
The studied magnesian clays belong to the Miocene Intermediate Unit of the Madrid Basin and were sampled at 
the base of the Cerro de los Batallones sepiolite deposit (Torrejón de Velasco, Madrid).

The lithostratigraphic succession comprise the units I.1, I.2 and II previously defined by Pozo et al. (2014) [1]. 
Sub-unit I.1 (>20 m thick) consist of massive green-brown mudstone, clay-clast arenite and marly dolostone; it is 
interpreted as mud flat deposits formed in a lacustrine margin. Sub-unit I.2 (<2 m thick) is formed by sequences 
of laminated reddish to greenish lutites that evolve to massive yellowish white lutites showing evidence of nodu-
lation and brecciation. Eventually, cm-thick white opals inserts were observed. This sub-unit has been interpreted 
as transitional lithofacies from mud flat to palustrine environments. The unit II (up to 9 m thick) is made-up by 
massive white to grey lutites which include the mined sepiolite deposit. The occurrence of opaline silicification 
forming nodules and layers that replace lutites is remarkable. The common root bioturbation and other evidence of 
subaerial exposure support palustrine environment interpretation. A total of 76 samples from 10 lithostratigraphic 
sections, mostly from unit I.1 and I.2, were collected. The analytical techniques used include X-ray diffraction 
(bulk sample and clay fraction), petrography (thin sections and SEM-EDX) and chemical analysis of major and 
trace elements (XRF).

The unit I.1 has a mineralogical association consisting of smectite (>70%, mostly trioctahedral) and illite, with 
variable percentages of quartz, feldspar, dolomite, kaolinite and sepiolite. The transitional unit I.2 is characterized 
by the predominance of low crystallinity sepiolite (LCS) (>60% and FWHM ≈ 1º 2Θ) with subordinate Mg-smec-
tite and illite and minor quartz and feldspar contents. Lutites in the unit II are formed by high crystallinity sepiolite 
(>90% and FWHM ≈ 0.5º 2Θ) with traces of illite and opal CT. 

Taking into account chemical analysis, Al2O3 content decrease from the mud-flat mudstones (10%) to palustrine 
lutites (<1.5%). Others major elements (Fe2O3, TiO2, K2O) have concentrations under 5%, with a good positive 
correlation with Al2O3 (R

2 values of 0.98, 0.93 and 0.93, respectively). Highlight that MgO content evolves con-
versely showing 6.5% in I.1 but near 22% in II. Regarding trace elements, in general they have a good direct 
correlation with Al2O3.

A genetic model of Mg-smectite and sepiolite formation is proposed. The origin of Mg-smectite should be related 
with the reaction of Mg-rich solutions with inherited Al-smectites, under suitable pH and salinity conditions in 
the mud flat environment (unit I.1). Lower “crystallinity” sepiolite formed by both dissolution-precipitation of 
Mg-smectites and neoformation in the mud flat-palustrine transition where groundwater played an important role 
(unit I.2). Under clear palustrine conditions high “crystallinity” sepiolite originated by neoformation with evidence 
of recrystallization (unit II). The excess of groundwater silica input explains the abundance of opal replacing se-
piolite.

[1] Pozo M., Calvo J.P., Pozo E., Moreno A. (2014). Genetic constraints on crystallinity, thermal behaviour and surface area of sepiolite from 
the Cerro de los Batallones deposits (Madrid Basin, Spain). Applied Clay Science, 91-92. Pp. 30-45.
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CARBONATE CONTAMINATION DURING SYNTHESIS OF LAYERED 
DOUBLE HYDROXIDE-BASED ADSORBENTS

toshiyuki hiBino 
Environmental Management Research Institute, National Institute of Advanced Industrial Science and Technology, Tsukuba, 
Japan

Layered double hydroxides (LDHs) are a class of lamellar compounds that possess anion exchange property, 
which enable them to be used as anion adsorbents. In this context, numerous studies concerning water treatment 
by using LDHs have been reported. In the present study, LDH-agarose hydrogel composites were synthesized, 
and their dried forms were tested as adsorbents. LDH-agarose hydrogel composites were examined as prototype 
of LDH-polymer hydrogel composites. Those composites are easy to separate from aqueous reaction system. 
Moreover, even after drying, LDH-polymer hydrogel composites would swell in water, and pathways inside the 
composites generated by the swelling would make access of anions easy. Therefore, such composites can be one of 
solutions to improve efficiency of solid-liquid separation when used in water treatment. However, during drying 
the composite hydrogels, LDHs in the composites are vulnerable to carbonate contamination, which is caused by 
CO2 in air. Because of high affinity of carbonate anion to LDHs, carbonate contamination substantially results in 
decrease of anion exchange capacity, which means decline of ability as anion adsorbents. In the present study [1], 
difference of carbonate contamination by drying methods were assessed by using LDH-agarose gel composites as 
well as LDH aqueous suspensions, and fundamental data concerning carbonate contamination during drying were 
provided.

First, aqueous suspensions of Cl-containing LDH were prepared. After preparation of Cl-containing LDHs by co-
precipitation (low-crystallinity LDH) or by coprecipitation followed by hydrothermal treatment (high-crystallinity 
LDH), the LDHs were dispersed in water. LDH-agarose composite gels were prepared by the following simple 
method. Agarose was dissolved in water by heating, and then the hot agarose solution was mixed with the aqueous 
LDH suspensions at 70 ˚C. By cooling the mixture to room temperature, LDH-agarose composite gels formed. 
(Contents of agarose and LDH were 1 wt% each.) The gels were cut into cubes about 3 mm to a side, and dried 
in 3 ways: vacuum drying, oven-drying in air at 110 °C and air-drying. The aqueous LDH suspensions were also 
dried by the same ways to compare with the composite gels. In addition to drying method, effect of crystallinity 
of LDHs was tested. Adsorption abilities of those dried gels and LDHs themselves were evaluated by measuring 
SO4

2- adsorption.

When drying methods were compared, adsorption abilities for SO4
2- were decreased most by air-dried. On the 

contrary, reductions by oven- and vacuum-drying were small: the composite gels dried by these 2 drying methods 
retained almost the same adsorption abilities as those of their original composite gels. Next, effect of crystallinity 
of LDHs in the composites was evaluated. The difference between air-drying and the other 2 ways was greater 
when low-crystallinity LDH was used. When compared with the adsorption abilities with the original gels, on 
the basis of the amount of adsorbed SO4

2- per unit weight of the original undried gel, air-dried gel containing 
low-crystallinity LDH reduced the ability by 56%. In contrast, reduction was 29% for the composite gel containing 
high-crystallinity LDH. 

In the case of aqueous suspensions of LDHs were used instead of the composite gels, the same trend was observed 
in relationship between adsorption ability and drying method. These results revealed that drying method can signif-
icantly affect the adsorption abilities of LDH-based products or LDHs as anion adsorbents, especially for products 
containing low-crystallinity LDHs. 

[1] Hibino. T. (2015). Layered double hydroxide-agarose composites for water treatment: carbonate contamination during the drying process. 
Appl. Clay Sci., vol. 116-117, pp. 93-101.
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DIOCTAHEDRAL CHLORITES AND RED BEDS: A DIAGENETIC 
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Diagenetic chlorites are a common component of many sedimentary rocks. They form by various routes as di-
agenesis progresses towards the almost ubiquitous mica + chlorite assemblage of low grade metamorphic rocks. 
In most settings aluminous dioctahedral chlorites are rarer than ferro-magnesian trioctahedral types. In some ‘red 
beds’, however, this trend may be reversed. Indeed, the consistent and pervasive occurrence of dioctahedral chlo-
rites (sudoite), as well as the allied mixed-layer dioctahedral chlorite-smectite mineral known as tosudite, indi-
cates a clear association of dioctahedral chlorites with some red bedfacies which hitherto has not generally been 
recognized as a common clay mineral diagenetic pathway (Hillier 2003). Some examples include parts of the 
Triassic of the Colorado Plateau (Schultz, 1963), various Permo-Triassic sandstones in Germany (Kulke 1969), 
Poland (Biernacka 2014) and the North Sea (Purvis 1990), and many parts of the Old Red Sandstone of the United 
Kingdom (Garvie, 1992, Hillier et al., 2006). The widespread nature of the distribution of tosudite and/or sudoite 
in these settings argues against localized hydrothermal origins and a more pervasive diagenetic process appears to 
be operating. Features such as abundant kaolinite or dickite in association with many examples indicates that the 
type of reds beds in which they occur tend to have aluminous diagenetic clay mineral assemblages. This might be 
related to widespread leaching and flushing of red beds by meteoric water during early diagenesis, with consequent 
alteration of feldspars and micas. Pathways for the diagenetic formation of tosudite and sudoitehave not been yet 
been adequately established but might involve either a kaolin precursor, or perhaps a sequence beginning with 
aluminous (beidellitic) smectites that evolves to dioctahedral chlorite via tosudite as an intermediate step. Such 
a sequence would be entirely analogous to the well-documented saponite to corrensite to trioctahedral chlorite 
sequence in Mg-Fe2+ rich environments. Here it is also hypothesised that early formed hematite may play a cru-
cial role as a buffer on the oxidation state of Fe in some red bed diagenetic systems. Under such conditions in the 
diagenetic progression towards the mica + chlorite assemblage, it is postulated that the formation of dioctahedral 
chlorites is favoured over that of their more common Fe2+ rich trioctahedral relatives because they can readily and 
preferentially accommodate Fe3+. Support for this hypothesis is sought be an examination of the oxidation state of 
Fe in some examples using Electron Energy Loss Spectroscopy (EELS). 

[1] Hillier, S., (2003). Chlorite in sediments. Encyclopedia of sediments and sedimentary rocks. Pp. 123-127. Kluwer.
[2] Schultz, L.G., (1963). Clay Minerals in Triassic Rocks of the Colorado Plateau. Geological Survey Bulletin, 1147-C, C1-C71.
[3] Kulke, H., 1969. Petrographie und Diagenese des Stubensandsteins (mittlererKeuper) ausTiefbohrungenimRaum. Memmingen (Bayern). 

Contributions to Mineralogy and Petrology, 20, 135-163
[4] Biernacka J. (2014). Pore lining sudoite in Rotliegend sandstones from the eastern part of the southern Permian Basin. Clay Minerals, 

49, 635-655.
[5] Purvis K. (1990) The clay mineralogy of the Upper Triassic Skagerrak Formation, Central North Sea. Proceedings, 9th International Clay 

Conference, Strasbourg 1989. Sciences Geologiques-Memoire,88, 125 134.
[6] Garvie L.A.J. (1992). Diagenetic tosudite from the lower most St Maughan’s Group, Lydney harbour, Forest of Dean, UK. Clay Minerals, 

27, 507 513.
[7] Hillier, S., Wilson, M. & Merriman, R. (2006) Clay mineralogy of the Old Red Sandstone and Devonian sedimentary rocks of Wales, 

Scotland and England. CLAY MINERALS, 41, 433-471.
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ORIGIN OF PORE-LINING CHLORITES IN THE LAGGAN AND 
TORMORE FIELDS, WEST OF SHETLAND, UK
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Pore lining chlorites are often responsible for the preservation of anomalously high primary porosity in potential 
hydrocarbon reservoir sandstones. There may be several origins for such types of chlorites but understanding their 
specific origins can be important for many aspects of both exploration and production. Chlorite bearing Palaeocene 
sandstones and shales in the Laggan and Tormore fields to the west of Shetland deposited in a deep marine envi-
ronment have been studied by a variety of mineralogical and geochemical methods to help determine the origin of 
the chlorite. The chlorites examined are all iron-rich varieties. Unlike many other examples of Fe-rich pore-lining 
chlorites, there is no obvious evidence for mixed-layering with 7 Å berthierine layers. Modelling of polytypes 
using Wildfire®, indicates random mixed-layer Ibb/Iaachlorite polytypes. Analysis of chlorites in the associated 
shales demonstrate similar mineralogical characteristics to those in sandstones, although chlorite is evidently much 
more abundant in the shales, often exceeding 15 wt% of the rock. Petrographic evidence, particularly in the shales 
reveals chlorite pseudomorphs after volcanic glass shards. Alteration of glass to chlorite also produced abundant 
anatase, which is concentrated at present and former grain boundaries, presumably because Ti cannot be readily 
accommodated in the chlorite structure. Selective dissolution of the chlorites by a nitric acid digest technique re-
veals that they contain elevated contents of transition metals (Sc, Cr, Mn, Co, Ni, Cu and Zn) with respect to some 
chlorites from other locations in the North Sea and elsewhere. They also are enriched in light rare earth elements 
(LREE) similar to patterns seen in Palaeocene tuffs from other locations in the North Sea region. Altogether, the 
data indicate that chlorites in Laggan and Tormore field have originated as alteration products of volcanic glass and 
tuffaceous material probably of Fe-Ti tholeiitic basalt composition.
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In recent years, aggregation induced emission (AIE) phenomenon, which means emission enhancement by form-
ing aggregation, has been investigated [1]. Dinaphthoylmethane β-diketones are known as a class of the AIE 
fluorescent dyes [2], and the fluorescence intensity increases in a homogeneous system when the fraction of water 
to tetrahydrofuran (THF) increases. The restriction of intramolecular rotations by aggregation is a possible factor 
responsible for the AIE, however, the mechanism of the enhanced emission has not been essentially clarified. 
Smectite group of layered clay minerals is a candidate of the host materials to regulate conformation of the dyes, 
when the spatial distribution (density) can be controlled in the two-dimensional interlayer nanospace. It has been 
reported that emission of a cationic porphyrin was enhanced owing to more planar conformation by strong inter-
actions of the four cationic sites with the nanosheets [3]. We report here the incorporation of pyridine groups into 
a dibenzoylmethane β-diketone to organize in the interlayer space of smectites through cation-exchange reactions, 
leading to exhibit AIE properties.

Based on the previous report [4], 1-(4-methoxyphenyl)-3-(4-pyridyl)-1,3-propandione was synthesized by Claisen 
condensation between methyl isonicotinate and 4’-methoxyacetophenone in dry THF in the presence of sodium 
amide. After the reactions were quenched with acetic acid and water, the resulting precipitate was repeatedly 
washed with diethyl ether. The purified product obtained by a column chromatography was characterized using 
1H NMR and mass spectrometry. A synthetic saponite (Sumecton SA, abbreviated to SSA) was used as the dye 
support, and the cation exchange capacity (CEC) is 0.71 mEq/g. The adsorption of the dye was performed using 
a 3:2 mixed solvent of an aqueous HCl solution (pH3) and ethanol. Amount of the dye dissolved in the solution 
was 0.1, 0.5, 1 and 2 times the CEC, and the products were named as N+-SSAX, where X indicates the added 
amount versus the CEC. The adsorbed amount was determined from the concentration change before and after the 
adsorption using a visible absorption spectroscopy (λmax=356 nm). After the resulting solid was dispersed in water, 
the aqueous suspension was cast on a hydrophilic PTFE membrane filter. The fluorescence spectra of the cast film 
were measured with spectrofluorometer (the excitation wavelength of 380 nm).

The synthesized diketone derivative emitted at around 450 nm in THF/water mixtures. AIE properties exhibited 
because the fluorescence intensity increased with increasing the water fraction. The adsorbed amount of the dye 
was 0.042, 0.094, 0.073, and 0.33 mEq/g in N+-SSA0.1, 0.5, 1, and 2, respectively. The basal spacing of the dye 
adducts was 1.21 nm for N+-SSA0.1, 1.32 nm for N+-SSA0.5, and 1.39 nm for N+-SSA1 and N+-SSA2. Irrespec-
tive of the adsorbed amount, the emission maximum was located on a longer wavelength region (around 540 nm), 
and each intensity was larger than the acidic solution. When the fluorescence intensity was normalized by the 
adsorption amount, the intensity of N+-SSA1 resulted in the largest, and decreased in the order of N+-SSA0.5, N+-
SSA0.1, and N+-SSA2. When the diketone derivative in a solution was protonated by HCl addition, the peak in the 
fluorescence spectrum extremely decreased with appearing a peak at 540 nm. Thus, it is thought that the protonated 
diketone derivative was intercalated into SSA via cation-exchange reactions to aggregate for emerging the strong 
emission. An appropriate molecular aggregation state of the cationic diketone between the silicate layers will be 
discussed in the conference for representing AIE properties.

[1] Hong Y., Lam J.W.Y., Tang B.Z. (2011). Aggregation-induced emission. Chem. Soc. Rev., 40, 5361-5388.
[2] Butler T., Morris W.A., Samonina-Kosiska J., Fraser C.L. (2016). Mechanochromic luminescence and aggregation induced emission of 

dinaphthoylmethane b diketones and their boronated counterparts. ACS Appl. Mater. Interfaces, 8, 1242-1251.
[3] Ishida Y., Shimada T., Takagi S. (2014). “Surface-fixation induced emission” of porphyrazine dye by a complexation with inorganic na-

nosheets. J. Phys. Chem. C, 118, 20466-20471.
[4] Dudek M., Clegg J.K., Glasson C.R.K., Kelly N., Gloe K., Gloe K., Kelling A., Buschmann H., Jolliffe K.A., Lindoy L.F., Meehan G.V. 

(2011). Interaction of copper(II) with ditopic pyridyl-b-diketone ligands: dimeric, framework, and metallogel structures. Cryst. Growth 
Des., 11, 1697-1704.
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DEVELOPMENT OF Fe-RICH CLAYS IN A WEATHERING PROFILE 
DERIVED FROM SERPENTINIZED ULTRAMAFIC ROCK IN NUI NUA 
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We have investigated the chemical, mineralogical and weathering characteristics of a weathering profile of the 
Nui Nua serpentinized ultramafic-mafic massif (Thanh Hoa Province, Vietnam) using transmission electron mi-
croscopy coupled to an energy-dispersive X-ray (TEM-EDX), X-ray diffraction (XRD), and Fourier transform 
infrared spectrometry (FT-IR) methods. The weathering process in this area was controlled mainly by monsoon 
climate conditions. Clay minerals of this profile were characterized by temporary serpentine clay minerals though 
chlorite seemed to be stable and increased from the bottom to the top layer of the profile. This soil weathering 
profile developed on serpentinite in a tropical climate (Mg-rich weathering system) demonstrates that leached-Mg 
and oxidation of Fe are the main reasons for enrichment of Fe3+ and Al in early weathering stages. The Fe-path-
way shown by TEM-EDX measurements indicates that the conversion of trioctahedral to dioctahedral minerals 
and changes of crystallochemistry of Fe-rich dioctahedral smectite seem to be driven by intense weathering by 
Fe2+-oxidation. The oxidized Fe3+ is mainly incorporated into octahedral sheets of Fe-rich dioctahedral smectite 
and reduced significantly in higher grade of weathering. Consequently, Fe-rich smectite formed at the beginning 
of the weathering process (and initially the dominant dioctahedral phase) was transformed progressively to Al-rich 
smectite. Serpentine clay minerals were only temporary and were in turn replaced by Fe-rich smectite and chlorite 
which are more persistent in the long-term. The dioctahedral smectite phase is formed along with Fe3+ incorpora-
tion into octahedral sheets but it is gradually replaced by Al in octahedral sheets. The variation of charges, increase 
of CEC, and Si-diminution of tetrahedral Si towards the surface were all controlled by Fe-oxidation and drainage 
in the weathering system and those factors were also experimentally replicated.
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TiO2 (anatase+rutile) is a well-known photocatalyst. In the majority of cases anatase exhibits a higher photochem-
ical activity due the higher amount of surface hydroxyls and to its favourable oxygen- and light-absorption prop-
erties. Based on this observation efforts were made to develop Al2O3- and clay-based nanomaterials. Composites 
made of semiconductive oxides and organic materials can also be listed among the potential photocatalysts. The 
use of e.g. dye-sensitized TiO2, ZrO2, WO3, ZnO, ZnS, SnO2, Fe2O3, as well as binary, ternary and quaternary 
mixed oxides was reported.

The band-gap value of the 1:1 (or TO)-type kaolinites is 3.7-3.9 eV (320-335 nm), which is comparable to that of 
anatase (3.2 eV; 387 nm) and rutile (3,02 eV; 410 nm). The structural order and morphology as well as the mineral 
and/or lattice contaminants present in minor amounts (0.1 to 3.0% w/w) can have little effect on the band gap val-
ues, only. However, the band gap values of kaolinites with high iron contents (10-20% w/w Fe2O3) can drastically 
shift towards the values of semiconductors (<3eV). 

The photochemical activity of the iron-rich (19% w/w Fe2O3), kaolinite from Felsőpetény, Hungary, and its delam-
inated form (nanoclay) is the inherent property of the mineral structure. At the same time the results of the photo-
physical investigations (band-gap values, fluorescence properties, life-time data and photo-electrochemical prop-
erties) showed that the activity was increased with the increased iron content. Both the untreated and the exfoliated 
kaolinites can be excited in the 400-600 nm range. The lifetime of the excited states falls into the microsecond 
range, which is sufficient to initiate electron transfer processes. In the case of the exfoliated nanostructures longer 
lifetime values can be observed. The photochemical activity was investigated with the use of Na-benzenesulfonate 
model compound. The mechanism of decomposition (mineralization) was followed by FT-IR/ATR spectroscopy. 

The results of the investigations carried out on the (photo)catalytic properties of iron-rich kaolins can be utilized in 
the pre-treatment/re-use of spent oils and in other environmental technologies (e.g. water treatment). On the other 
hand, exfoliated kaolinites can be considered as model systems in the study of the surface processes of Al-O and 
Si-O type catalysts/catalyst supports, as well. 

Acknowledgement: The financial support of the GINOP-2.3.2-15-2016-00053 and GINOP-2.3.2-15-2016-00016 projects co-financed by the 
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THIN-WALLED NANOSCROLLS BY MULTI-STEP INTERCALATION 
FROM TUBULAR HALLOYSITE-10 Å AND ITS SURFACE 
CHARACTERISATION
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Surface modification of the halloysite-10 Å mineral with tubular morphology can be achieved by slightly modified 
procedures developed for the delamination of kaolinite minerals. The resulting delaminated halloysite nanoparti-
cles have unexpected surface/morphological properties that display, new potentials in catalyst development. 

In this work, a four-step intercalation/delamination procedure is described for the preparation of thin-walled nano-
scrolls from the multi-layered hydrated halloysite mineral that consists of 1) intercalation of halloysite with potas-
sium acetate, 2) replacement intercalation with ethylene glycol, 3) replacement intercalation with hexylamine, and 
4) delamination with toluene. The intercalation steps were followed by X-ray diffraction, transmission electron 
microscopy, N2 adsorption-desorption, thermogravimetry, and infrared spectroscopy. Delamination eliminated the 
crystalline order and the crystallite size along the ‘c’-axis, increased the specific surface area, greatly decreased the 
thickness of the mineral tubes to a monolayer, and shifted the pore diameter toward the micropore region. 

Unexpectedly, the removal of residual organics from intercalation steps adsorbed at the nanoscroll surface with a 
peroxide treatment resulted in partial recovery of crystallinity and increase of crystallite size along the ‘c’-crystal 
direction. The d(001) value showed a diffuse pattern at 7.4-7.7 Å due to the rearrangement of the thin-walled na-
noscrolls toward the initial tubular morphology of the dehydrated halloysite-7 Å mineral.

Acknowledgement: the financial support of the GINOP-2.3.2-15-2016-00053 and GINOP-2.3.2-15-2016-00016 projects co-financed by 
Széchenyi program.
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SURFACE CHARACTERIZATION OF MECHANOCHEMICALLY 
MODIFIED EXFOLIATED HALLOYSITE NANOSCROLLS
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The surface modifications of kaolinite nanostructures fundamentally influence their morphology as a function 
of crystallinity and presence of contaminants. Beside morphology, the catalytic properties of 1:1-type exfoliated 
aluminosilicates are also influenced by the presence of defect sites that can be generated by mechanochemical 
activation in a controlled manner. 

In this work, we investigated exfoliated halloysite nanoparticles with quasi-homogeneous, scroll-type secondary 
structure toward developing structure/function relationships for composition, atomic structure, and morphology. 
The surface properties of thin-walled nanoscrolls were studied as a function of mechanochemical activation ex-
pressed by (dry) grinding time. The surface characterizations were carried out by N2, NH3, and CO2 adsorption 
measurements. The effects of grinding on the nano-halloysite structure were followed by thermoanalytical (TG/
DTG) and infrared spectroscopic (FTIR/ATR) techniques. Grinding results in partial dehydroxylation with similar 
changes as observed for heat treatment above 300ºC. The employed mechanochemical activation shows decrease 
in dehydroxylation mass loss and the DTG peak temperature, decrease in specific surface area and number of mes-
opores, increase of surface acidity, and blue-shift of surface hydroxide bands and decrease in intensity in FTIR/
ATR bands as a function of grinding time. 

The experimental observations were used to guide atomic-scale structural and energetic simulations using realistic 
molecular cluster models for a nano-halloysite particle. A full potential energy surface description was developed 
for mechanochemical activation and/or heating toward nano-metahalloysite formation. The calculated differences 
upon dehydroxylation show remarkable agreement with the mass-loss values from DTG measurements.
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MICROANALYSIS AND INTERPRETATION OF CHLORITES IN 
HISTORICAL PAINTINGS
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Microanalysis of mineral pigments in paintings is not an easy task. Non-invasive investigation of artworks, which is 
rapidly developing in the field of cultural heritage research, could not provide complete mineralogical information, 
which is otherwise necessary for any provenance studies. Furthermore, micro-samples collected in the course of 
painting conservation are typically represented by flat chips with diameter not exceeding in any direction 1 mm, 
which contain both inorganic and organic components within complicated layered structure of paints. As a result, 
clay minerals in paint layers are routinely being described only by general terms (such as, e.g., “clays” or “alumino-
silicates”), or they are completely omitted in the materials research of paints. Terms like “ochres” or “earths” are as-
sociated more likely with the identification of iron oxides affecting their colour despite the variable (and sometimes 
very significant) contents of clay minerals. These variable contents reflect the natural process of formation and, con-
sequently, also the provenance of the material, and strongly affect its technological properties. The differentiating of 
clay minerals is particularly important in clay-based grounds (i.e. preparation layers on canvas), the composition of 
which was regionally specific in the Baroque period. By means of clay mineralogy therefore, anonymous paintings 
of Italian provenance can be clearly distinguished from those created in, e.g., Central Europe [1].

There is still a substantial lack of knowledge in methodological issues, because number of “standard” procedures 
widely applied to clays (preparation of oriented specimen, ethylene glycol solvation etc.) may not be applied 
when dealing with only minute amounts of rare heterogeneous material. We already reported the limits of Raman 
micro-spectroscopy to identify low scattering clay minerals in assemblage with simple iron and/or titanium ox-
ides [2], and also the limits of X-ray powder micro-diffraction to provide quantitative analysis of clay minerals 
in micro-scale [3]. We described interactions of expandable clay structures with proteinaceous binders in paints 
modifying their d-spacing values and by using this knowledge we distinguished pure smectites from interstratified 
structures [3]. Proper identification and detailed characterization of chlorites is a next question that must be ad-
dressed. In this contribution, the mineralogy of selected Baroque clay-based grounds from Italy will be described 
in detailed with the aim to differentiate chlorites from kaolinite and/or smectite group minerals in microscale by 
using unconventional experimental approaches and to estimate their relative quantities, which are varying. Within 
comparative studies on artwork and reference samples specific mineralogical characteristics (polytypes, crystal-
lochemistry, admixtures) will be applied to indicate possible source localities of the material in Northern Italy and 
possibly also differentiate paintings belonging to various artistic centers. Here presented finding of Fe-chlorites, 
which were further specified as IIb polytypes, is the first ever evidence of this group of minerals in historical paint-
ings and is therefore highly valuable in the context of technical art history.

[1] Hradil D., Hradilová J., Bezdička P., Švarcová S. (2015). Differentiation between anonymous paintings of the 17th and the early 18th 
century by composition of clay-based grounds. Applied Clay Science 118, 8-20.
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means of Raman spectroscopy. Journal of Raman Spectroscopy 44, 1570-1577.

[3] Hradil D., Bezdička P., Hradilová J., Vašutová V. (2016). Microanalysis of clay-based pigments in paintings by XRD techniques. Micro-
chemical Journal 125, 10-20.
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HYDROXY-INTERLAYERED MINERALS: CRYSTAL STRUCTURE, 
FORMATION AND IMPLICATION FOR SOIL REACTIVITY
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Acidic conditions in soils commonly lead to the formation of hydroxyl-interlayered minerals (HIMs) resulting 
from the adsorption of aluminium and its subsequent polymerization in the interlayer of 2:1 clay minerals. Forma-
tion of HIMs changes the soil reactivity by decreasing the cationic exchange capacity or by modifying the adsorp-
tion/desorption process of elements. The present work aims at providing new insights about the crystal structure of 
HIMs, the factors influencing their formation and finally on the role of their crystal structure in element mobility 
illustrated by the case of caesium sorption.

The detailed crystal structure analysis of HIMs from a surface horizon of a forest Aluminic Cambisol [1] shows 
that HIMs are complex illite-HI-expandable layer mixed-layer minerals (MLMs) and the different HIMs encoun-
tered in the soil sample mostly differ by the abundance of their constitutive layers. These results obtained using the 
X-ray diffraction profile modelling approach applied on various sub-fractions (<0.05, 0.05-0.1, 0.1-0.2 and 0.2-2 
µm) also indicate that i) HIMs contain illite layers in all the sub-fractions and ii) with the decrease of particle size, 
HI and expandable layers are found to decrease and increase, respectively. 

In order to provide additional insights on the formation mechanism of such complex HI-MLMs, experimental 
auto-aluminisation experiments of Ca and K-saturated Santa Olalla vermiculite under acidic conditions are per-
formed on three size fractions (0.1-0.2, 1-2 and 10-20 µm). The mixed-layer nature of the HIMs evidenced in a 
previous study [2] is confirmed. In addition, the HIMs formed from Ca-saturated Santa Olalla vermiculite mainly 
depend on time irrespective of the particle size, contrastingly to HIMs formed from K-saturated vermiculite, 
whose formation is particle size dependant. The results show that HIMs formed from K-saturated vermiculite are 
MLMs constituted by original K-vermiculite layers, together with HI and expandable layers. Therefore, the persis-
tence of K-vermiculite layers in all the sub-fractions and the extent of transformation with the decrease of particle 
size [3] lead to the same general trend as observed previously in soil samples [1]. 

The reactivity of HIMs formed from Ca-saturated Santa Olalla vermiculite is investigated through adsorption/
desorption of caesium and determination of the crystal structure of the HIMs by using X-ray diffraction profile 
modelling approach. The results show that the crystal structure of HIMs controls the mobility of caesium. Indeed, 
the amounts of poorly and highly exchangeable caesium are governed by the relative abundances of expandable 
and HI layers, respectively.

[1] Viennet J.-C., Hubert F., Ferrage E., Tertre E., Legout A. and Turpault M.-P. (2015). Investigation of clay mineralogy in a temperate acidic 
soil of a forest using X-ray diffraction profile modeling: Beyond the HIS and HIV description. Geoderma 241-242, 75-86.

[2] Lanson B., Ferrage E., Hubert F., Prêt D., Mareschal L., Turpault M.P. & Ranger J. (2015). Experimental aluminization of vermiculite 
interlayers: An X-ray diffraction perspective on structural mechanisms. Geoderma, 249-250, 28-39.

[3] Viennet J.-C., Hubert F., Tertre E., Ferrage E., Robin V., Dzene L., Cochet C. & Turpault M.-P. (2016). Effect of particle size on the exper-
imental dissolution and auto-aluminization processes of K vermiculite. Geochimica et Cosmochimica Acta, 180, 164-176.
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BENTONITES AND K-BENTONITES: ISSUES IN IDENTIFYING AND 
INTERPRETING ANCIENT TEPHRAS
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Pyroclastic material in the form of altered volcanic ash or tephra has been reported and described from one or 
more stratigraphic units from the Proterozoic to the Tertiary. This altered tephra, variously called bentonite or 
K-bentonite or tonstein depending on the degree of alteration and chemical composition, is often linked to large 
explosive volcanic eruptions that have occurred repeatedly in the past. K-bentonite and bentonite layers are the 
key components of a larger group of altered tephras that are useful for stratigraphic correlation and for interpreting 
the geodynamic evolution of our planet. Bentonite is a clay deposit most commonly generated from the alteration 
of volcanic tephra, consisting predominantly of smectite minerals, usually montmorillonite. The formation of 
bentonite (beds containing smectite-group clay minerals including montmorillonite) and fuller’s earth (a type of 
clay mineral deposit that has high capacity to absorb water) may occur primarily by diagenesis, although some 
deposits may also form by hydrothermal processes. Bentonite beds usually form from altered volcanic ash, but 
other types of rock may also serve as sources. Bentonites generally form by diagenetic or hydrothermal alteration 
under the influence of fluids with high Mg content and that leach alkali elements. Smectite composition is partly 
controlled by parent rock chemistry. Studies have shown that K-bentonites often display variations in layer charge 
and mixed-layer clay ratios and that these correlate with physical properties and diagenetic history. Tephra is well 
known to travel great distances - even across continents - and can thus serve to link not only volcanic zones but also 
to bind stratigraphic provinces together internally, and with each other. While residence time in the atmosphere of 
the very finest of these particles can be substantial, the deposition of the bulk of volcanic ejecta can be considered 
instantaneous on geological timescales. Often these volcanic products can be identified by various chemical and 
non-chemical means and if the eruption date is known, the occurrence of tephra from a given eruption in strati-
graphic sequences provides a powerful means of dating such deposits, or of refining available dating schemes. 
Furthermore, the occurrence of tephra from the same eruption preserved simultaneously in various types of dep-
ositional environments including glacial, terrestrial and marine holds the potential of linking the regional causes 
of tectonic and stratigraphic change. In practice, tephrochronology requires tephra deposits to be characterized (or 
fingerprinted) using physical properties evident in the field together with those obtained from laboratory analyses. 
Such analyses include mineralogical and petrographic examination or geochemical analysis of glass shards or phe-
nocrysts using an electron microprobe or other analytical tools including laser-ablation-based mass spectrometry 
or the ion microprobe. Tephrochronology provides the greatest utility when a numerical age obtained for a tephra 
is transferrable from one site to another using stratigraphy and by comparing and matching, with a high degree of 
likelihood, inherent compositional features of the deposits. Used this way, tephrochronology is an age-equivalent 
dating method that provides an exceptionally precise volcanic-event stratigraphy. 
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ABSORPTION AND DESORPTION OF CO2 IN VERMICULITE AND 
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CO2 capture and retention by synthetic or natural clays could be a cheap and environmentally friendly alternative 
to zeolites and MOFs (metal-organic frameworks). In fact, clays may represent the adsorbents of the highest stor-
age capacity, and may provide new innovative technological advancements in carbon capture and sequestration 
technologies.

Vermiculite and Na-, Ni- and Li-fluorohectorite clays were dried in vacuum at different temperatures from 150 
to 220 °C, and subsequently exposed to CO2 at various pressures and exposure times. The sample surfaces were 
characterized by X-ray photoelectron spectroscopy (XPS), and desorption of CO2 and H2O was investigated by 
temperature programmed desorption spectroscopy (TPD). TPD is an ultra-high-vacuum technique that is uniquely 
sensitive to the detection of e.g. intercalated CO2 and H2O that desorbs from the sample specimens. For example, it 
was found in a vermiculite and a Ni-fluorohectorite sample that was partially dried and still contained some water, 
CO2 desorbed at lower temperatures as compared to the remaining water. This phenomenon was investigated for 
different drying procedures and CO2 exposures for various clay samples.

Interaction of CO2 with clay surfaces that were doped by Na, Li and Ni was investigated by XPS and TPD. Pre-
vious studies of fluorohectorite clays have shown a significant dependence with respect to the cation for CO2 
intercalation properties [1]. These findings motivate the study of interaction between CO2 and the relevant cations 
by surface analytical tools. The clay surfaces were cleaned by removing surface layers by the Scotch-tape method 
in situ. Alkali metals were deposited using SAES alkali metal dispensers and Ni from a thermally heated tungsten 
basket. Electronic properties with respect to CO2 interactions, as obtained by photoelectron spectroscopy, were 
studied in order to disentangle the counterion mechanism from the influence of the clay surface.

[1] Michels L. et al. (2015). Intercalation and retention of carbon dioxide in a smectite clay promoted by interlayer cations. Scientific Reports 
5, 8775, DOI: 10.1038/srep08775.
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The injection of CO2 into deep geological formations has attracted much attention as a technical solution towards 
reducing anthropogenic emissions of this greenhouse gas. Promising geological storage sites for CO2 injection that 
meet the required storage capacity include deep saline aquifers and gas reservoirs where enhanced gas recovery 
processes may be implemented, such as coal seams or shale formations [1]. Clay minerals are ubiquitous in these 
targets and are major constituents of the cap rock seals above them. These minerals are characterised by the pres-
ence of micro- and mesopores, which results in a large surface area available for physical and chemical interactions 
with the surrounding fluids. Of particular interest to this study is the sorption behaviour of CO2 and CH4 on clay 
minerals that leads to the trapping of these gases in the porous structure at liquid-like densities. For the geological 
storage of CO2, gas adsorption on clays can have several implications including (i) an increase of storage capacity 
in reservoirs having larger clay contents [2] (ii) an advance in storage safety by limiting gas diffusion through 
cap rock seals[3], and (iii) an enhancement of gas production from tight shale formations through an adsorption/
desorption (CO2/CH4) process, as observed for deep coal seams [4]. Remarkably, the study of gas adsorption in 
clay minerals at high-pressures and temperatures is still at the early stage of investigation, despite its importance. 
The main reason for this is the intrinsic difficulty in performing the experiments and in describing the complex 
interactions between the gases and clays [2].

In this study, adsorption data of CO2 and CH4 on pure clay minerals - montmorillonite (STx-1) and illite-smectite 
mixture (ISMt-2) - have been measured using a Rubotherm magnetic suspension balance (Bochum, Germany) in 
the pressure range 0-25 MPa at varying temperatures 40-80 °C. Cryogenic low-pressure N2 adsorption experiments 
have been conducted on the samples to determine the microscopic properties, such as their pore size distributions, 
surface areas, and pore structure. The adsorption data on clay minerals are compared to that of reference materials 
(e.g., mesoporous silica and zeolites) and of selected shale samples to quantitatively determine the contribution of 
clay components in CO2/CH4 adsorption. As such, this study contributes to estimating the CO2 storage/retention 
capability of various rock formations under subsurface conditions. To support the experimental observations, the 
measured adsorption isotherms have been described using the lattice density functional theory (LDFT), which is a 
statistical thermodynamic model that describes the adsorption phenomena within a specified pore geometry based 
on a generalisation of the Ono-Kondo equations [5]. This modelling approach requires information on the structure 
of clays as input parameters; therefore, it represents a significant departure from conventional empirical approach-
es that use Langmuir- or BET-type of models. We present a comprehensive LDFT model that can describe both 
sub- and supercritical adsorption with a set of generalised equations and pre-determined parameters. The model is 
compared to experimental data for both low-pressure N2 adsorption and high-pressure CO2/CH4 adsorption, and 
results are compared to predictions from other theoretical models (e.g., Kelvin equation) used to describe fluid 
densification in nanopores.

[1] Benson S., Cole D. (2008). CO2 Sequestration in deep sedimentary formations. Elements, 325-331.
[2] Busch A., Bertier P., Gensterblum Y., Rother G., Spiers C., Zhang M., Wentinck H. (2016). On sorption and swelling of CO2 in clays. 

Geomech. Geophys. Geo-energ. Geo-resour., DOI 10.1007/s40948-016-0024-4.
[3] Cole D., Chialvo A., Rother G., Vlcek L., Cummings P. (2010). Supercritical fluid behavior at nanoscale interfaces: implications for CO2 

sequestration in geologic formations. Philosophical Magazine, 2339-2363.
[4] Mazzotti M., Pini R., Storti G. (2009). Enhanced coal bed methane recovery. J Supecritical Fluids, 619-627.
[5] Aranovich G., Donohue M. (1997). Predictions of multilayer adsorption using lattice theory. J. Colloid Interface Sci., 101-108.
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Hydrogen production from water using solar energy is the ultimate goal in renewable energy research. Various ox-
ides and oxynitrides have been reported as potential photocatalysts capable of decomposing water. However, there 
are several issues preventing their practical application, such as low quantum efficiency in the visible light region. 
One factor that causes a decrease in the photocatalytic activity is a recombination reaction between the electron and 
hole. When a photocatalyst is illuminated by light with an energy greater than the bandgap energy, a photo-excited 
electron and hole are generated within the powder. In order for these carriers generated within the powder to react 
with water, they must travel a long distance to the surface. During this trip, they may recombine or get trapped at 
defect sites. A two-dimensional structure may satisfy the requirement described above. Specifically, a two-dimen-
sional crystal (nanosheet) prepared by exfoliation of a layered compound is a single crystal with a homogeneous 
ultrathin thickness, and has a lateral dimension of several hundred nanometers to several micrometers. Therefore, 
the travel distance of the photo-excited carriers is short, and many photons can be absorbed by the nanosheet in a 
remarkably short time under low photon flux density due to its large section area. Recently, there have been many 
reports on p-type and n-type semiconducting nanosheets and nanosheet photocatalysts with visible light response, 
and studies on nanosheet photocatalysts have been becoming more frequent. The characteristic performance of 
nanosheet photocatalysts has been reported. For instance, it is well known that a photocatalyst without co-catalyst 
loading has poor photocatalytic activity for water splitting. However, a particular type of oxide nanosheet shows a 
high photocatalytic activity for hydrogen evolution from water without co-catalyst loading. Graphene-based ma-
terials, layered double hydroxide nanosheet-based materials, {Gunjakar, 2011 #109} and MoS2 nanosheet-based 
materials are also candidate photocatalysts, and new insights on photocatalytic reactions have been reported. Thus, 
the two-dimensional structure is expected to contribute to the development of photocatalysts for water splitting in 
the future. In this presentation, a short overview of our recent research activities related to oxide nanosheets [1], 
nanosheet p-n junction photocatalysts, and attractive approaches for understanding the reaction mechanism [2]. 
For instance, Rh-doped oxide nanosheets exhibit high catalytic activity for H2 evolution. In this system, the Rh 
dopant in the crystal lattice can act as a photocatalytic reaction site. The photocatalytic H2 production rate of the 
Rh-doped titania nanosheets was approximately 10 times larger than that of undoped nanosheet. Rh-dopants in the 
lattice of nanosheet was directly observed by HAADF-STEM. These results indicate that Rh is doped with a single 
dispersion state and is substituted onto a Ti4+ site in the lattice of the nanosheet. 

[1] Okamoto Y., Ida S., Hyodo J., Hagiwara H., Ishihara T.J. (2011). Am. Chem. Soc.,133, 18034.
[2] Ida S., Kim N., Ertekin E., Takenaka S., Ishihara T.J. (2015). Am. Chem. Soc., 137, 239.
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XRD, SEM, DTA/TGA AND FTIR: POTENT TOOLS IN THE 
CHARACTERIZATION AND IDENTIFICATION OF CLAY MINERALS 
SOURCED FROM THE LOWER BENUE TROUGH, NIGERIA

s.o. idakWo (1)*, a.t. bolarinWa (2), d.l. bisH (3)
(1) Department of Earth Sciences, Kogi State University, P.M.B. 1008, Anyigba, Kogi State, Nigeria, (2) Department of 
Geology, University of Ibadan, Ibadan, Nigeria, (3) Department of Geological Sciences, Indiana University, Bloomington, 
Indiana, U.S.A. 

A combination of methods (X-ray powder diffraction (XRD), differential thermal analysis/thermogravimetric 
analysis (DTA/TGA), scanning electron microscope (SEM), and Fourier transform infrared spectroscopy (FTIR)) 
was used to characterize the clay mineralogy of the Lower Benue Trough of Nigeria to interpret paleoenvironmen-
tal conditions, the paleoclimatic significance of the trough, and effects of weathering on the minerals as factors 
that favour its deposition/accumulation within the trough which host other important industrial minerals like coal, 
barite, limestone etc. Bulk-sample random-powder XRD data and data for clay fractions deposited onto zero-back-
ground quartz plates were measured. The samples contained kaolinite, vermiculite, and traces of smectite, and 
the non-clay phases included quartz, microcline, and muscovite. All samples were unaffected after glycolation, 
confirming the absence of significant smectite. Muscovite was characterized by the nature of its 10 Å basal peak, 
which was very sharp with a width of <0.10° 2θ. DTA/TGA results support the presence of kaolinite, and the 
characteristic kaolinite O-H, Al-OH, Si-OH and Si-O-Al FTIR bands also confirmed its presence. Vermicular 
and book-like morphologies were observed under the SEM, typical of kaolinitic clay from in situ alteration. High 
kaolinite abundance in these sediments is consistent with intense weathering of Al-rich source rocks under wet/
tropical climatic conditions with fresh and/or brackish water conditions in a continental setting. The variety of 
observed morphologies suggests that the deposits suffered more of chemical weathering.
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STRUCTURE AND APPLICATION OF A NATURAL LAYERED SILICATE 
MAGADIITE
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Layered silicates nowadays find a range of applications in ion-exchange, adsorption, catalysis, fabrication of pol-
ymer nanocomposites and precursors of zeolites. Magadiite, found in Lake Magadi, Kenya1, is one of the most 
widely studied layered silicates owing to the rich intercalation chemistry and large-scale synthesis by a simple 
hydrothermal reaction. A full understanding of potential of any layered silicates for the applications requires that 
its structure be known. However, the structure of magadiite has never been solved. Herein, we uncover the struc-
ture of magadiite by X-ray pair distribution function (PDF) analysis. We moreover show a critical application of 
magadiite.

Partial oxidation of organic compounds by photocatalysis is green fine chemical synthesis alternative to conven-
tional processes that often require the use of hazardous and expensive reagents and materials under rather strict 
conditions. Due to its abundance, non-toxicity and high stabilities, TiO2 is a promising photocatalyst for the pur-
pose. However, organic substrates tend to be overoxidized to undesired by-products such as CO2 on TiO2 due to 
the presence of highly oxidizing species. We have recently reported that when the oxidation of benzene to phenol, 
which is one of the most desired partial oxidations in chemical industry, is conducted using TiO2 in the presence 
of a layered silicate that precisely recognize phenol, only phenol can be recovered effectively2. This resulted from 
that formed phenol was rapidly, selectively and efficiently captured by the adsorbent to prevent the overoxidation, 
after which the captured phenol could be easily eluted by simple washing2,3. In this presentation, we successfully 
expand this approach to another crucial and as-yet challenging partial oxidation, the oxidation of toluene to ben-
zoic acid. We discuss how the structure of magadiite affects benzoic acid separation by using another widely used 
layered silicate, octosilicate, as reference.

[1] Eugster H.P. (1967). Hydrous sodium silicates from Lake Magadi, Kenya: Precursors of bedded chert. Science, 157, 1177-1180.
[2] Ide Y., Torii M., Sano T. (2013). Layered silicate as an excellent partner of a TiO2 photocatalyst for efficient and selective green fine-chem-

ical synthesis. J. Am. Chem. Soc., 135, 11784-11786. 
[3] Ide Y., Torii M., Tsunoji N., Sano T. (2015). Selective catechol synthesis by TiO2 photocatalysis with the aid of a layered silicate adsorbent 

hus-7. Clay Sci., 19, 59-62.
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INTERCALATION OF DOUBLE CHAIN SURFACTANTS INTO A 
BENTONITE WITH CONTROLLED AMOUNT
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The interlayer cations of smectites are replaced with such cationic surfactant as quaternary ammonium to obtain 
“organophilic clays” [1-2]. Application of organophilic clays includes adsorbents for organic contaminants in 
environments, rheology controlling agents in cosmetics and paints as well as plastic additives. The properties of 
the organophilic clays are largely dependent on the surfactants and clays, so that the various cationic surfactants 
and clays have been complexed to obtain organophilic clays with desired properties [1-4]. In this study, the 
intercalation of double chain surfactants, dioctadecyldimethylammonium ion (abbreviated as 2C18, which has 
been used extensively in the organic modification of smectites) and dioleyldimethylammonium ion (abbreviated 
as DODA, which has never been reported for the intercalation), into a bentonite (cation exchange capacity is 69 
meq/100g) was examined. In addition to the application of new surfactant (DODA), the effects of the amount of 
surfactant on the properties of the resulting organophilic-clays is examined.

The ion exchange of the bentonite with DODA or 2C18 was conducted by the conventional ion exchange method 
using aqueous media and the products were characterized by XRD, IR and TGA. The initial amount of surfant-
ants varied from 40, 80, 100, 200 and 400 meq/100g of bentonite in order to control the adsorbed amount of the 
surfactant.

The results of the XRD and TGA indicated that there is a linear relationship between the d-spacing and the amount 
of the intercalated surfactant for both surfactant systems. In addition, DODA and 2C18 gave different d-spacing 
even when the adsorbed amounts were same. These observations suggested that both the surfactant structure and 
the adsorbed amount affected the structure of the resulting “organophilic clays”. 

[1] Okada T., Ide Y., Ogawa M. (2012). Organic-Inorganic Hybrids Based on Ultrathin Oxide Layers: Designed Nanostructures for Molecular 
Recognition. Chemistry - An Asian Journal, 7, 1980.

[2] Okada T., Tomohiko S., Ogawa M. (2014). Designed Nanostructures of Clay for Controlled Adsorption of Organic Compounds. Journal 
of Nanoscience and Nanotechnology, 14, 2121.

[3] Ogawa M., Kimura H., Kuroda K., Kato C. (1996). Intercalation and the Photochomism of Azo Dye in the Hydrophobic Interlayer Spaces 
of Organoammonium-Fluor-Tetrasilicic Micas, Clay Sci. 10, 54.

[4] Ogawa M., Hama M., Kuroda K. (1999). Photochromism of azobenzene in the hydrophobic interlayer spaces of dialkyldimethylammo-
nium-fluor-tetrasilicic-mica films, Clay Miner. 34, 213.
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CHEMICAL COMPOSITION OF CHLORITE COEXISTING WITH PINKISH 
COLORED EPIDOTE IN A GEOTHERMAL FIELD, JAPAN

atsuyuki inouE (1)*, minoru utada (2)†

(1) Chiba University, Chiba, Japan, (2) Futo, Ito, Japan †deceased 
*atinoue@earth.s.chiba-u.ac.jp

The Fe content and Fe3+/ΣFe ratio in chlorite are a function of T, P, fO2, fS2, fCO2, and bulk rock composition. Thus 
we can infer such physico-chemical conditions of chlorite formation from the compositional data. We have devel-
oped an empirical geothermometer to estimate the formation temperatures taking into account the Fe3+/ΣFe ratios 
[1]. More recently, Vidal et al. [2] refined thermodynamic properties of ferri-sudoite and utilized them to estimate 
fO2 conditions for the formation of chlorites coexisted with magnetite. However, chemical variations of chlorites 
associated with hematite, which formed under more oxidative conditions, are still poorly understood. Here we 
will describe occurrence and chemical composition of chlorites formed under oxidative conditions, interestingly 
associated with pinkish colored epidotes. The samples studied were found in cores from a geothermal exploration 
well NB-1, Noboribetsu, Hokkaido, Japan. Pinkish epidotes occurred mainly as vein- and druse-fillings in volcan-
iclastic rocks of the Miocene Osarugawa Formation in association with brownish chlorites, K-feldspar, illite, and 
quartz, in addition to minor hematite, titanite, and/or apatite in the rock matrix. The mineral assemblages were 
produced by local K-alteration that overprinted early-formed regional propyritization associated with ordinary 
greenish epidotes and chlorites. From SEM-EDX analyses, the piemontite (Mn3+) components of pinkish epidote 
solid solutions were generally low (<0.024), while the pistacite (Fe3+) components were <0.28. The Fe3+ contents in 
greenish epidotes from propylites ranged 0.20-0.36. Associated brownish colored chlorites were characterized by 
low total Fe (0.09<Fe/(Fe+Mg+Mn)<0.30) and relatively high Fe3+ contents (Fe3+/ΣFe = 0.25), which were quite 
distinct from those of greenish chlorites in surrounding propylitic rocks:0.36<Fe/(Fe+Mg+Mn)<0.56 and Fe3+/ΣFe 
= 0.05-0.13. Using semi-empirical chlorite geothermometers, the formation temperatures were estimated to be 
230-300 °C, lower than those of greenish chlorites (250-380 °C). The above Fe3+/ΣFe ratios were estimated assum-
ing that the formation temperatures calculated by two geothermometers of ours [1] and Bourdelle’s [3] are equal to 
each other. Finally, taking into account the above mineral assemblage: K-feldspar+illite+chlorite+epidote+hema-
tite, we estimated the physico-chemical conditions of brownish chlorites coexisted with pinkish epidotes: -6.5<log 
a H2(aq)<-5.5 (or-32.5<log a O2(aq)<-30.5) and 6.5<pH<7.5at given 250 °C, Psat. The estimated pH values are 
dependent on the assumed ionic strength in fluids; the more the ion strength increases, the more pH decreases. The 
above conditions are similar to those estimated for many adularia-sericite type epithermal ore deposits [4], though 
the Fe, S, and Cl contents in fluids may be lower than those in epithermal ore-forming fluids.

[1] Inoue, A., Meunier, A., Patrier-Mas, P., Rigault, C., Beaufort, D., and Vieillard, P. (2009). Application of chemical geothermometry to 
low-temperature trioctahedral chlorites. Clays and Clay Minerals, 57, 371-382.

[2] Vidal, O., Lanari, P., Munoz, M., Bourdelle, F., and de Andrade, V. (2016). Deciphering temperature, pressure, and oxygen activity con-
ditions of chlorite formation. Clay Minerals, 51, 615-633.

[3] Bourdelle, F., Parra, T., Chopin, C., and Beyssac, O. (2013). A new chlorite geothermometer for diagenetic to low-grade metamorphic 
conditions. Contributions to Mineralogy and Petrology, 165, 723-735.

[4] Heald, P., Foley, N.K., and Hayba, D.O. (1987). Comparative anatomy of volcanic-hosted epithermal deposits: acid-sulfate and adular-
ia-sericite types. Economic Geology, 82, 1-26.
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HIGH RESOLUTION TRANSMISSION ELECTRON MICROSCOPY 
(HRTEM) STUDY OF STABILITY OF FE-RICH SERPENTINE GROUP 
MINERAL AND CHLORITE 
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Fe- and Al- rich serpentine group minerals, berthierine and odinite, are strongly related to the formation mecha-
nism of chlorite and often considered as a low temperature precursor of Fe-rich chlorite. The formation pathway of 
chlorite is known to be strongly linked to the temperature and chemical composition namely Fe/(Fe+Mg) value. It 
is generally accepted that 7 Å minerals converts to chlorite via a 7 Å - 14 Å interstratified mineral with increasing 
temperatures in iron rich environment. The conversion to 14 Å chlorite is believed to be completed at temperature 
in a range of 100 to 200 ºC [1]. However, a range of temperature where each stage of chlorite formation occurs 
and how Fe/(Fe+Mg) values influence to the formation processes are still open to discussion. In Inoué and Kogure 
(2016) [2], the crystallochemical characteristics of Fe-rich chlorite from hydrothermal systems were investigated 
by high resolution transmission electron microscopy (HRTEM). These chlorites have Fe/(Fe+Mg) values in a 
range of 0.5 to 0.99 and were formed at temperatures higher than 200 ºC. Our results suggested that the 7 Å min-
erals can occur at temperature higher than 200 ºC when Fe/(Fe+Mg)>0.8. 

In the present study, we observed the crystal structure of pore-lining Fe-chlorite from diagenetic systems by HR-
TEM. The present samples were formed at temperature in a range of 100 to 220 ºC, and have a range of Fe/
(Fe+Mg) values between 0.7 and 0.8 [3]. The samples contain small amount of interstratified 7 Å layers but they 
are mostly consisting of 14 Å layers. The results imply that the conversion from 7 Å mineral to 14 Å mineral start-
ed at temperatures below 100 when Fe/(Fe+Mg)<0.8. Our study strongly suggested that the stability of Fe- and 
Al-rich serpentine group mineral is not only linked to the temperature condition but also Fe/(Fe+Mg) value. 

[1] Beaufort, D. Rigault, C. Billon, S. Billault, V. Inoue, A., Inoue, S. and Patrier, P. (2015). Chlorite and chloritization processes through 
mixed-layer mineral series in low temperature geological systems- a review. Clay Minerals, 496-523. 

[2] Inoué, S. and Kogure, T. (2016). High-resolution transmission electron microscopy (HRTEM) study of stacking irregularity in Fe-rich 
chlorite from selected hydrothermal ore deposits, Clays and Clay Minerals, 131-144.

[3] Hillier, S. (1994). Pore-lining chlorites in siliciclastic reservoir sandstones: electron-microprobe, SEM and XRD data, and implications 
for their origin. Clay Minerals, 665-679.
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PHOTOCATALYTIC BEHAVIOR OF ZINC OXIDE INCORPORATED IN 
NIAL-LAYERED DOUBLE HYDROXIDE
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Metal oxides including titanium dioxide (TiO2), zinc oxide (ZnO) and copper oxide (CuO) are receiving much 
consideration due to their size- and shape-dependent properties. Among all of them, ZnO is an interesting material 
with wide band gap (3.37 eV) and large exciton biding energy (6 meV) for such applications as sensor, solar cell, 
photocatalyst, optical nanodevice and so on. Hybridization of ZnO with layered inorganic solids offers possibility 
to control particle size and promote unique optical properties. Herein, we report the preparation of ZnO in Ni-
Al-layered double hydroxide (NiAl-LDH) without using any anion base species and their photocatalytic activity. 
The products were carried out by the reaction between an aqueous solutions of ZnCl2 and CO3

2--NiAl-LDH at 
the ratio of Zn2+ to CO3

2- = 1, 2 and 4 times of the anion exchange capacity (300 meq/100 g of the LDH) under 
hydrothermal treatment at 150 °C for 24 h and then the resulting powders were further calcined at 250 °C for 6 h. 
The final products were donated as (ZnO)x@NiAl-LDHs, where x = 1, 2 and 4. The XRD patterns of the products 
revealed the expansion of the interlayer space of ca. 0.29-0.31 nm. The (100), (002), (101) and (110) reflections 
due to hexagonal phase of ZnO at 2θ = 32, 35, 36 and 57 degrees were also observed in the XRD patterns of the 
products. This result indicated the formation of ZnO in the interlayer space and the external surface of NiAl-LDHs. 
The band gap energy of the products (3.67 eV for (ZnO)1@NiAl-LDH, 3.62 eV (ZnO)2@NiAl-LDH and 3.57 eV 
for (ZnO)4@NiAl-LDH) was wider than that of bulk ZnO (2.96 eV), interpreting to the formation of ZnO nanopar-
ticles in the hybrids. The photoluminescence bands were observed at 548 nm for bulk ZnO, at 440 nm for (ZnO)4@
NiAl-LDH, at 437 nm for (ZnO)2@NiAl-LDH and at 435 nm for (ZnO)1@NiAl-LDH. The emission intensities 
of the products decreased with increasing the amount of Zn2+ cations in the series of bulk ZnO (130) < (ZnO)4@
NiAl-LDH (297) < (ZnO)2@NiAl-LDH (347) < (ZnO)1@NiAl-LDH (400). The blue-shift of the emission band 
and the increase of the luminescence intensity of the products compared with those of bulk ZnO might be due 
to the restricted environment of the LDH that prevented the aggregation of the intercalated particles. The photo-
degradation of methyl orange solution (100 ppm, 300 mL) was determined by following procedure; 100 mg of 
photocatalysts was dispersed in the methyl orange solution in a quartz bottle and the suspension was stirred in dark 
or under UV irradiation for 9 h. The amounts of methyl orange photodegraded by (ZnO)4@NiAl-LDH,(ZnO)2@
NiAl-LDH,(ZnO)1@NiAl-LDHand bulk ZnO were 100, 87, 72 and 47%, respectively. The superior photocatalyt-
ic perfromance of (ZnO)4@NiAl-LDH was arisen from the narrowest band gap energy compared with those of 
(ZnO)2@NiAl-LDH and (ZnO)1@NiAl-LDH, and the migration of the electron and hole between the energy levels 
of ZnO and the LDH.

[1] Khumchoo N., Khaorapapong N., Ontam A., Intachai, S., Ogawa, M. (2016). Efficient photodegradation of organics in acidic solution by 
ZnO-smectite hybrids. European Journal of Inorganic Chemistry, 1631-1637.

[2] Khumchoo N., Khaorapapong N., Ogawa M. (2015). Formation of zinc oxide particles in cetyltrimethylammonium-smectites.Applied 
Clay Science, 105-106, 236-242.
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Intercalation is one of the methods to prepare hybrid materials of two dimensional nanostructure and a variety of 
guest species [1-2]. Magadiite with ideal formula Na2Si14O29·nH2O is an examples of such layered silicates, which 
is capable to form intercalation compounds [3-4]. Here, we synthesized the hybrids of cadmium selenide (CdSe) 
and organically modified magaditte in order to control particle size and optimize optical properties of the inter-
calated semiconductor. The intercalation of CdSe into the interlayer space of cetyltrimethylammonium modified 
magaditte was conducted by ion-exchange reaction between cetyltrimethylammonium cation and magaditte, and 
then subsequently reacted with the aqueous solutions of cadmium sulfate and sodium selenosulfite (Na2SeSO3) for 
one day. The products were characterized by XRD, TG-DTA, HRTEM, FT-IR, as well as UV-visible and photolu-
minescence spectroscopies. The appearance of CdSe nanoparticles with diameter range of 2-5 nm in between the 
silicate layers was confirmed by TEM images. The products exhibited photoluminescence (at 534-547 nm) arising 
from the intercalated CdSe [5-7]. The emission intensity varied in accordance with the amount of CdSe incorpo-
rated in the products and the size of CdSe. The luminescence intensities were increased by storage for longer time, 
indicating to the change in the size and size distribution of the intercalated CdSe.

[1] Ogawa, M., Kuroda, K. (1995). Photofunctions of intercalation compounds, Chemical Review, 95,399-438.
[2] Ogawa, M., Kuroda, K. (1997). Preparation of inorganic-organic nanocomposites through intercalation of organoammonium ions into 

layered silicates, Bulletin of the Chemical Society of Japan, 70, 2593-2618.
[3] Lagaly, G. (1979). Crystalline silicic acids and their interface reactions, Advanced Colloid Interface Science, 11, 105-148.
[4] Okutomo, S., Kuroda, K., Ogawa, M. (1999). Preparation and characterization of silylated-magadiites, Applied Clay Science, 15, 253-264.
[5] Ontam, A., Khaorapapong, N., Ogawa, M. (2011). Simple preparation of a cadmium selenide-montmorillonite hybrid, Journal of Colloid 

and Interface Science, 357, 554-557.
[6] Ontam, A., Khaorapapong, N., Ogawa, M. (2012). An incorporation of cadmium selenide at organophillic surface of clay mineral, Colloid 

Surf.ace A, 411, 27-33.
[7] Ontam, A., Khaorapapong, N., Ogawa, M. (2012). Immobilization of cadmium telluride nanoparticles on the surface of hexadecyltrimeth-

ylammonium-montmorillonite, Journal of Material Chemistry, 22, 20001-20007.
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Layered double hydroxides (LDHs) have received great attention in various applications due to its versatile 
physiochemical properties and facile preparation. Homogeneous precipitation using urea hydrolysis has been 
used to prepare well-defined LDHs [1-6]. Urea hydrolysis isideal for the carbonate type LDH because the decom-
position of urea produces ammonia (pHraise) and carbonate. On the other hand, this is a drawback for the prepa-
ration of LDHs with various interlayer anions.

In the present study, the preparation of LDH-intercalation compounds (interlayer anion is not carbonate anion) by 
homogeneous precipitation was examined. In order to incorporated various anions in the interlayer space, hexam-
ethylenetetramine (HMT) was used in the present study. HMT has been used as a precipitating agent of LDHs [7]. 
The hydrolysis of HMT produce ammonia and formaldehyde, which are not expected to be incorporated into the 
resulting LDHs. 

In the preliminary experiment using nickel nitrate and aluminum nitrate as the starting materials and the hydrother-
mal treatment at 150 °C for 24 h, the formaldehyde was oxidized to form carbonate anions, resulting the precipita-
tion of the carbonate form LDHs. In order to suppress the oxidation of formaldehyde during LDH preparation, the 
reaction was conducted in the presence of methanol.

The XRD pattern of the samples prepared from nickel nitrate and aluminum nitrate showed characteristic dif-
fraction peaks of NiAl-LDH. The basal spacings were 0.85 and 0.81 nm for the samples prepared by the solution 
with methanol and without methanol, respectively. The observed basal spacings were ascribed to the presence of 
carbonate along with nitrate anion in the interlayer space (basal spacing of carbonate-LDHs is 0.76 nm). CHNS 
elemental analysis showed higher amount of nitrogen for the product prepared in the presence of methanol (cor-
responding to the NO3 amounts of 21 and 18 wt.% for the sample from methanol solution and that from aqueous 
solution, respectively) indicating the important role of methanol as stabilizing agent of formaldehyde, by suppress-
ing its oxidation to formic acid and to carbonate, to obtain the nitrate anion intercalated LDHs.

[1] Costantino, U., Marmottini, F., Nocchetti, M., Vivani, R. (1998). New Synthetic Routes to Hydrotalcite-Like Compounds-Characterisa-
tion and Properties of the Obtained Materials. European Journal of Inorganic Chemistry, 1439. 

[2] Ogawa, M., Kaiho, H. (2002). Homogeneous Precipitation of Uniform Hydrotalcite Particles. Langmuir, 18, 4240. 
[3] Kayano, M., Ogawa, M. (2006). Preparation of large platy particles of Co-Al layereddouble hydroxides. Clays and Clay Minerals, 54, 

385.
[4] Kayano, M., Ogawa, M. (2006). Controlled particle size and size distribution of Co-Al layered double hydroxide via the hydrothermal 

urea method in aqueous alcohols. Bulletin of the Chemical Society of Japan, 79, 1988.
[5] Arai, Y., Ogawa, M. (2009). Preparation of Co-Al layered double hydroxides by the hydrothermal urea method for controlled particle size. 

Applied Clay Science, 42, 601.
[6] Oh, J. M., Hwang, S. H., Choy, J. H. (2002). The effect of synthetic conditions on tailoring the size of hydrotalcite particles. Solid State 
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[7] Iyi, N., Matsumoto, T., Kaneko, Y., Kitamura, K. (2004). A Novel Synthetic Route to Layered Double Hydroxides Using Hexamethyl-
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HYDROTHERMAL CLAY MINERALS RECOGNIZED BENEATH AND 
AROUND SEAFLOOR SULFIDE MOUNDS IN THE OKINAWA TROUGH
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Seafloor massive sulfides recognized in hydrothermal fields in arc-backarc settings in the western Pacific have 
been considered a modern analogue for ancient volcanogenic massive sulfide (VMS) deposits. A series of scientific 
drilling campaigns were conducted at Iheya North Knoll in mid-Okinawa Trough, where active venting of high 
temperature fluid (T>300 ºC) from sulphide mounds had been located at some sites. In September 2010, five sites 
were drilled at Original Site (27°47.5’ N, 126°53.8’ E; water depth = 1000 m) during IODP (Integrated Ocean 
Drilling Program) Expedition 331 [1]. Two drilling campaigns CK14-04 in July 2014 and CK16-01 in March 2016 
followed, which targeted at another active field named Aki Site (27°46.1’ N, 126°54.1’ E; water depth = 1070 m). 
Although massive body of sulphide deposit was not recognized, most of sediment cores obtained from beneath and 
around actively forming hydrothermal mounds were characterized by intense and diverse hydrothermal alteration 
[1-4]. We conducted mineralogical and geochemical studies of the hydrothermal clay minerals to clarify their 
occurrence and characteristics.

Occurrence of hydrothermal clay minerals at the Original Site was characterized by zonal distribution of distinc-
tive clay mineral assemblage; Zone 1 consists mainly of montmorillonite and sometimes of kaolinite, Zone 2 of 
chlorite and chlorite-smectite mixed-layer mineral, and Zone 3 represented by co-occurrence of illite (sericite) and 
chlorite, from shallow to deep [2]. Similar sequence of clay mineral assemblages was recognized also at the Aki 
Site. Occurrence of kaolin minerals was minor but notable in both sites, as previously reported for other active hy-
drothermal fields in the Okinawa Trough [5]. Especially, at the peripheral locality of the Aki Site, focused forma-
tion of kaolin minerals was recognized in rather shallow depth (from 8.5 to 11.0 meters below the seafloor), where 
dominant kaolin minerals changed along the depth from halloysite, kaolinite to dickite. The zonal distribution of 
clay minerals may reflect hydrothermal structure developed in piles of volcanoclastic sediment, and the drastic 
change of clay mineral assemblage along the depth could be attributed to distinctive fluid-sediment interactions.

We recognize occurrence and characteristics of hydrothermal clay minerals in Iheya North Knoll show strong sim-
ilarity to those had been reported for Kuroko-type VMS deposits in the northeast Japan. For example, significantly 
Mg-rich composition of the chlorite is commonly notable in spite of Mg-poor composition of the surrounding 
felsic volcanic materials. Comparative studies of hydrothermal clay minerals would provide keys to understand 
common hydrothermal interactions among modern and ancient systems which could play an important role in 
formation of VMS deposits.

[1] Takai K., Mottl M.J., Nielsen S.H., the Expedition 331 Scientists (2012). IODP Expedition 331: Strong and expansive subseafloor hydro-
thermal activities in the Okinawa Trough. Scientific Drilling, 13, 19-27.

[2] Miyoshi Y., Ishibashi J., Shimada K., Inoue H., Uehara S., Tsukimura K. (2015). Clay minerals in an active hydrothermal field at Iheya-
North-Knoll, Okinawa Trough. Resource Geology, 65, 346-360. 

[3] Shao H., Yang S., Wang Q., Guo Y. (2015). Discriminating hydrothermal and terrigenous clays in the Okinawa Trough, East China Sea: 
evidences from mineralogy and geochemistry. Chem. Geol. 398, 85-96. 

[4] Yeats C.J., Hollis S.P., Halfpenny A., Corona J.-C., LaFlamme C., Southam G., Fiorentini M., Herrington R.J., Spratt J. (2017). Actively 
forming Kuroko-type volcanic-hosted massive sulphide (VHMS) mineralization at Iheya North, Okinawa Trough, Japan. Ore Geol. Rev., 
84, 20-41.

[5] Marumo K and Hattori K. (1999). Seafloor hydrothermal clay alteration at Jade in the back-arc Okinawa Trough: mineralogy, geochem-
istry and isotope characteristics. Geochim. Cosmochim. Acta, 63, 2785-2804.
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The studied soil catena, that represents a Ferralsol-Podzol soil system, is located at 26 km from São Gabriel da 
Cachoeira city, Amazonas state, Brazil, at 0°6′21′′S and 66°54′22′′W. It is developed from crystalline rocks from 
the São Gabriel da Cachoeira granitic body [1]. The samples were collected in four profiles classified as Podzol at 
the upper part (P1 profile), Ferralsols at the middle part (P2 and P3 profiles) and Gleysol at lower part (P4 profile) 
of the catena [2,3]. The results presented in this work were tooken from P1 and P3 profiles. The kaolinites may 
present different degrees of structural disorder, depending of their genetic conditions. The aim of the present study 
was to obtain crystallographic characteristics of kaolinites related with different pedogenetic forming process 
using structural order-disorder degrees estimated by X-ray diffraction. The structural order-disorder degrees were 
evaluated by Hinckley (IH) [4], Aparicio-Galán-Ferrell (IAGF) [5], Liètard (R2) [6] and Plançon-Zacharie (IPZ) 
[7] kaolinite crystallinity indexes. Ideally, the indexes should be able to separate populations of kaolinite, which 
have different structural order. The IH, IAGF and R2 indexes not produced consistent results in the P1 profile, 
probably due to the more aggressive Podzol genetic conditions (acidity and temporary hydromorphy [3]). The 
soil from P3 profile (Ferralsol), less influenced by the acidity of the solutions, presented consistent results for all 
indexes. The Plançon-Zacharie index, probably due to the greater number of crystallographic parameters used to 
determine structural order-disorder of kaolinite, presented results that were considered consistent in both profiles. 
The results obtained suggest that the pedogenetic processes involved in the formation of Podzols at the expense of 
Ferralsols may limit the application of the structural order-disorder evaluation methods used in this study.

Acknowledgements: this work was funded by grants from Brazilian FAPESP (2007/02543-0,2011/03250-2) and French ARCUS (joint pro-
gram from Région PACA and French Ministry of Foreign Affairs).
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[3] Ishida D., Montes C.R., Lucas Y., Pereira O.J.R., Merdy P., Melfi A.J. (2014). Genetic relationships between ferralsols, podzols and white 
kaolin in Amazonia. European Journal of Soil Science 65, 706-717.
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BIOELECTROCATALYSTS WITH IMPROVING THE DIRECT ELECTRON 
TRANSFER AND STABILITY BY IMMOBILIZATION OF ENZYME ONTO 
CARBON-COATED MESOPOROUS SILICA MEMBRANE
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Proteins/enzymes have been industrially applied as biocatalysts in production of functional chemicals, biosensors and 
biofuel cells in environmental diagnosis, etc. Especially, bioelectrocatalysts using redox enzymes are expected in a 
high-performance biosensor and a biofuel cell. Electrochemical biosensors using bioelectrocatalysts enable direct, re-
liable and reproducible measurements. In particular, amperometric biosensors with an immobilized enzyme electrode 
can offer high sensitivity, high selectivity, and a short response time without requiring any substantial or complicated 
instrumentation. Also, biofuel cells are energy conversion systems, which utilize enzymes as bioelectrocatalysts and 
can operate under mild conditions. All compounds to be utilized by living things such as sugars, alcohols, amines, 
organic acids and hydrogen and also, in principle, other variety of large molecular-weight biomasses are possible sub-
stances for biofuel cells. There are varieties of redox enzymes that catalyze the oxidation of these substances in nature. 
Those reactions are classified into two types: one is direct electron transfer type, and the other is mediated electron 
transfer type. The mediated electron transfer type system has also several disadvantages. One of the disadvantages 
is that the system has high risk of mediator-leaking (or desorption) from electrodes, because the mediator-leaking 
causes serious crossover reactions: mediators desorbed from anodes will react at cathodes or vice versa, leading to a 
decrease in the cell power by merely converting the redox reaction energy into heat. In order to avoid the risky cross-
over, separators may be incorporated into sensor or biofuel cells, which would lose simplicity in structure of sensors 
or biofuel cells. Additionally, biosensors or biofuel cell using bioelectrocatalysis have a problem that seriously affects 
the its performance; the immobilization procedure causes a substantial decrease in the enzyme activity, the enzyme 
itself has poor stability under the reaction and against environmental factors such as temperature, medium and pH, etc. 
Thus, we require developing new techniques of bioelectrocatalysis with both direct electron transfer ability and high 
stability. Among recent advances in nanostructured materials, mesoporous materials have attracted significant interest 
because they have a potential application for enzyme immobilization, in which the mesoporous materials can increase 
the stability of enzymes. We had reported that about several kinds of enzymes their encapsulation in mesoporous silica 
enhances their stability [1,2]. Also, we tried the synthesis of nanoporoussilicas in anodic alumina pores, and reported 
the resultant composite membranes have high potential as artificial membrane supports, owing to a large number of 
interconnected pores [3] and successfully achieved high sensitive prototype sensor with good stability by encapsula-
tion of enzyme into pores of those membrane [2,4]. If mesoporous silicas can be coated with an extremely thin carbon 
layer such as a single graphene sheet, the resulting mesoporous silicas would acquire not only adsorption ability for 
stability but also electrical conductivity to the electron transfer occurs directly between enzymes and electrodes, with 
their ordered mesopore structures almost intact. We apply the carbon-coating technique to uniformly deposit a thin 
carbon layer (only 1-2 graphene sheets) on the pore walls in a large (40 mm φ) mesoporous silica membrane (F127-
MST) by the chemical vapor deposition (CVD) using acetylene. We then use the resulting carbon-coated mesoporous 
silica membrane (C/F127-MST) directly as an electrode and evaluate its performance in terms of electrical conduc-
tivity inside the continuous mesopore network. Then, we load an enzyme as bilirubin oxidase (BOD) into the uniform 
mesopores in C/ F127-MST to confirm its electron transfer ability to BOD. At the same time, we enhance the storage 
stability of BOD (stable 20 days) and also can control enzymatic reaction by electric potential.

[1] Itoh T., Ishii R., Matsuur S., Mizuguchi J., Hamakawa S., Hanaoka T., Tsunoda T., Mizukami F. (2010). Enhancement in thermal stability 
and resistance to denaturants of lipase encapsulated in mesoporous silica with alkyltrimethylammonium (CTAB), Colloid Surf. B-Bioin-
terfaces 75, 478-482.

[2] Shimomura T., Itoh T., Sumiya T., Mizukami F., Ono M. (2008). Electrochemical biosensor for the detection of formaldehyde based on 
enzyme immobilization in mesoporous silica materials. Sens. Actuat. B: Chem. 135, 268-275.

[3] Itoh T., Shimomura T., Hasegawa Y., Mizuguchi J., Hanaoka T., Hayashi A., Yamaguchi A., Teramae N., Ono M., Mizukami F. (2011). 
Assembly of an Artificial Biomembrane by Encapsulation of an Enzyme, formaldehyde dehydrogenase, into the Nanoporous-Walled 
Silica Nanotube-Inorganic Composite Membrane. J. Mater. Chem. 21, 251-256.

[4] Itoh T., Shimomura T., Hayashi A., Yamaguchi A., Teramae N., Ono M., Tsunoda T., Mizukami F., Stucky G.D., Hanaoka T. (2014) Elec-
trochemical enzymatic biosensor with long-term stability by using hybrid mesoporous membrane. Analyst 139, 4654-4660.
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The submicron-sized inorganic particles, omnipresent solids in natural environments, comprise the majority of re-
active surfaces, responsible for transport, sequestration and removal of contaminants [1,2]. The surface properties 
of these mineral particles in natural environments are under significant influence of organic and inorganic coatings. 
These associations mostly result in formation of organo-mineral aggregates, thus modifying the surface reactivity, 
stability, behaviour and availability of mineral surfaces [3]. 

The presented research investigates the role of nano-sized mineral particles and their surface properties on the for-
mation of microaggregates in soils formed in different pedoenvironments. For this investigation, Cambisols from 
the Mljet Island and the Kuti Lake, and a Cretaceous paleosol from Istria, all developed on hard limestones, were 
sampled and analysed in detail. Cambisols were formed in an oxidative pedogenic environment and contain both 
goethite and haematite while the paleosol was formed in a reductive pedogenic environment and contains pyrite. 
The main mineral phases comprising the clay fraction of Cambisols are kaolinite and illitic material, while in the 
paleosol clay fraction illitic material and illite/smectite mixed-layer minerals prevail. 

This study is based on a detailed mineral characterization of the submicron- and the nano-sized mineral fractions 
of these soil samples, investigation of their surface properties and complex interactions with organic matter and 
iron mineral phases. Soil samples were treated with sodium hypochlorite to remove the organic matter and the 
submicron-sized fractions were collected by gravitational settling and the size range was confirmed by dynamic 
light scattering. Samples were mineralogically (XRD) and morphologically (FE-SEM) characterized, their physi-
co-chemical properties (specific surface area, SSA and cation exchange capacity, CEC) determined. As such, this 
study contributes to a better understanding of the process governing the formation of nanostructured soil micro-
aggregates worldwide.

[1] Hochella, M.F., Lower, S.K., Maurice, P.A., Penn, R.L., Sahai, N., Sparks, D.L. and Twining, B.S. (2008). Nanominerals, mineral nano-
particles, and Earth systems. Science, 319, 1631-1634.

[2] Tsao, T.M., Chen, Y.M., Wang, M.K. (2011). Origin, separation and identification of environmental nanoparticles: a review. Journal of 
Environmental Monitoring, 13, 1156-1163.

[3] Breiner, J.M., Anderson, M.A., Tom, H.W.K., Graham, R.C. (2006). Properties of surface-modified colloidal particles. Clays and Clay 
Minerals, 54, 12-24.
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A “clay” was widely used porcelain production since ancient time. The condition of a dispersion of clay minerals 
are one of the key technology in their processing. Dispersions of silicate layers of clay minerals in liquid matrix 
have been interested in colloid science due to their nanometre size with anisotropic shape and surface charges. 
Light, X-ray and/or neutron small-angle scattering technique are accessible in length scale of several nm to 1Mm 
that is correlated with clay colloid systems. Although the neutrons have a fateful flaw in their high-cost equipment 
and low beam flux, they are highly penetrating in materials which is attractive to install complex sample environ-
ments such as rheological equipment. In addition, neutron scattering offer an advantage in studying multicompo-
nent system using labelling and contrast matching by isotope substitution technique. As the small angle neutron 
scattering (SANS) coupling with rheological measurements (Rheo-SANS) is one of the distinguishing methods 
for utilizing the neutron scattering, the Rheo-SANS has been applied for hydrogels, polymer melts, emulsions, 
micelles and polymer/nanoclays [1,2].

Although clay mineral aqueous suspensions was studied [3,4], they focused on relatively low concentration and 
viscosity thinning process during the increasing process of sheer stress. The viscosity thinning and an apparent 
viscosity were discussed in terms of the shape and the size of silicate layers and bounded water. Another important 
point of surface charge could be studied by structure recovery process during decreasing sheer rate and following 
aging periods. 

We introduced a rheometer (Anton Paar MCR302) at the Small and Wide Angle Neutron Scattering Instrument 
(TAIKAN); BL15 [5], installed at Materials and Life Science Experimental Facility (MLF) in Japan Proton Accel-
erator Research Complex (J-PARC). A double cylinder type rheometer of titanium or quartz glass inner rotor with 
48 mm Φ and quartz glass outer status cylinder with 50 mm Φ of inner diameter was set up at the pulsed neutron 
path. Information of small angle scattering both radial using 10 mm Φ neutron beam and tangential using 0.5 mm 
× 10 mm beam were collected under shear rate of 100-103 sec-1 at 30 °C. Using the write neutrons in the wide range 
of wavelength (λ = 1 Å - 7.8 Å) based on time-of-flight (TOF) method and the four area detector banks, wide 5 × 
10-3 Å-1< Q <15 Å-1, that is corresponding 0.1 nm < r < 125 nm in real space, information are collecting during the 
rheological measurements.

Synthetic hectorite; Laponite-RD®, and Na-montomorillonite purified by natural bentonite from Yamagata, Japan; 
Kunipia-F®, were dispersed in deuterated water. The rheological properties and the small angle neutron scattering 
in quartz container for the aqueous suspensions of 1 wt% - 8 wt% were obtained, followed by the Rheo-SANS. 
Thixotropic character was confirmed and the size and thickness of silicate layers and correlation length in the 
suspensions were estimated. The SANS spectra at radial and tangential positions were collected during increasing 
the shear rate from 0 to 500 sec-1 and decreasing to 0 sec-1 followed by aging. The obtained results are analysed by 
using plate and/or ribbon shaped nano-particle models.

[1] Shibayama M. (2010). Rheo-SANS: Structural Analyses of soft matter under flow by small-angle neutron scattering.Nagare (Flow in 
Japanese) 29, 337-344.

[2] Eberle A.P.R. and Porca L.(2012). Flow-SANS and Rheo-SANS applied to soft matter. Current Opinion in Colloid & Interface Science 
17, 33-43.

[3] Matsunaga, T., Endo, H., Takeda, M., & Shibayama M. (2010). Microscopic structure analysis of clay-poly(ethyleneoxide) mixed solution 
in a flow field by contrast-variation small-angle neutron scattering. Macromolecules,43, 5075-5082.

[4] Suzuki.Sato T., Yoneda T. (2017). Factors Affecting to the Viscosity of Montmorillonite / Water Suspension: 3. Modes of Particle Associ-
ation in Montmorillonite Suspensions, Nendo-Kagaku (J. Clay Sci. Soc. Japan.), 55, 31-41.

[5] Takata S., Suzuki J., Shinohara T., Oku T., Tominaga T., Ohishi K., Iwase H., Nakatani T., Inamura, Ito T., Suzuya K., Aizawa K., Arai 
M., Otomo T., Sugiyama M. (2015). The Design and qResolution of the Small and Wide Angle Neutron Scattering Instrument (TAIKAN) 
in J-PARC, JPSConf. Proc. 8, 036020.
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The condensation of oligomers (amino acids, nucleotides) into the corresponding biopolymers on mineral sur-
faces, with or without activators, is a part of many prebiotic scenarii [1,3]. While it has long been evidenced 
experimentally, a satisfactory physico-chemical description is still lacking, and would constitute a prerequisite to 
determine the likelihood of “surface scenarii”. The corresponding polymerization reactions in aqueous solutions 
are endergonic and therefore do not occur spontaneously.

What makes them thermodynamically allowed on surfaces is simply the possibility of working in conditions of 
very low water activity, as all reported successful instances of polymerization involve drying steps. Since these 
condensation reactions result in the production of one water molecule (R-COO- + R’-NH3

+ = R-CO-NH-R’ + H2O), 
simple thermodynamic arguments (Lechâtelier’s principle) ensure that decreasing water activity will favor con-
densation. This is of course not a catalytic effect since catalysis cannot change the thermodynamics.

The same argument holds for several reactions of fundamental importance in current bioenergetics, such as the 
formation of ATP (P-O-P from P-OH condensation) or various phosphorylations (C-O-P from C-OH and P-OH). 

This work is focused on the characterization of solids based on smectites and silica with amino acids and nucleo-
tides prepared by incipient wetness impregnation (IHN). We have compared on the same supports the dimerization 
of different amino acids with the formation of ATP from ADP and inorganic phosphate. The solids were analyzed 
by thermogravimetry (TG), vibrational spectroscopy (middle IR), MALDI-TOF mass spectroscopy, and solid state 
NMR (13C) to characterize the state of amino acids and nucleotides, both after adsorption and after thermal activa-
tion under argon. DTG curves allowed to identify a low-temperature event attributable to peptide bond formation 
or phosphorylation and glycosylation of sugar, and in addition to quantify the amount of adsorbed bioorganic 
molecules. MALDI TOF shows the nature of obtained biomolecules after thermal activation.

[1] Georgelin, T.; Jaber, M.; Bazzi, H.; Lambert, J-F. (2014) Formation of Activated Biomolecules by Condensation on Mineral Surfaces - A 
Comparison of Peptide Bond Formation and Phosphate Condensation, Origins of Life and Evolution of Biosphere, 43(4-5), 429-443.

[2] Jaber, M.; Georgelin, T.; Bazzi, H.; Costa-Torro, F.; Lambert, J-F.; (2014) Selectivities in Adsorption and Peptidic Condensation in the 
(Arginine and Glutamic Acid)/Montmorillonite Clay System, J. Phys. Chem. C, 118 (44), 25447-25455.

[3] Akouche, M.; Jaber, M.; Zins, E-L.; Maurel, M-C ; Lambert, J-F. ; Georgelin, T., (2016) Thermal Behavior of D-Ribose adsorbed on 
silica: effect of inorganic salt coadsorption and significance for prebiotic chemistry, Chemistry A European Journal, 22(44), 15834-15846.
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The study area includes part of the Mesopotamia plain, Khuzestan province, southwest Iran. This area is located 
on the Iranian side of the Arvand River. Date palm and vegetable have been cultivated in this area, which was irri-
gated and drained by tides for more than 100 years. The soils show redoxomorphic features due to tidal influence, 
especially in surface soil. These soils and their clay minerals were affected by this phenomenon. In order to study 
the effects of tides on soils, 12 profiles were dug and described according to standard methods. Clay minerals were 
identified by X-ray diffraction (XRD) in some profiles after treatment to remove organic matter, carbonates, and 
oxides and hydroxides of Fe and Mn according to Kittrick and Hope (1960). The citrate-dithionate-bicarbonate 
(CDB) method was applied for extraction of total Fe from these soil samples. Then, pure clays were saturated or 
treated by Mg, Mg+ethylene glycol, K, K+550 ºC. Specimens for XRD were analysed at 40 kV and 30 mA. XRD 
diffractograms were interpreted according to Grim (1964). Also, magnetic susceptibility (MS) was determined in 
all samples at high (4.6 kHz) and low (0.46 kHz) frequency. The results show that total Fe (extractable by CDB) 
decreases from surface to subsurface. This trend may be due to more organic matter in surface and more exposure 
to drying and wetting periods. Drying and wetting was happen due to tidal influence, and changing oxidation and 
reduction situation. Fe may be released from clay mineral under this situation, making it potentially mobile, e.g. 
around root channels or macro pores between peds that have oxidizing potential. MS was at a maximum in surface 
soil samples and decreased from surface to subsurface. This trend was related to Fe movement from the reduced 
zone (subsurface) to oxidized zone (surface) in a profile. On the other hand, calcium carbonate did not significantly 
change in the profiles. The XRD patterns show that chlorite was transformed to expandable clay minerals in some 
part due to Fe release from this clay mineral. Also, the brucite layer has been removed under leaching or low Mg 
concentration, leading to transformation of chlorite to smectite. The 1.4 nm peak shifts to 1.68 nm under Mg+ETG 
treatment. The 1.4 nm peak intensity was increased under Mg treatment for clay minerals of surface horizons. This 
trend was not observed in subsurface soils. This may be related due to higher Mg concentration at this soil depth. 
High Mg concentration and EC make good situation for chlorite stability in subsurface soil. Smectite peak inten-
sity decreased from surface to subsurface, inversely proportional to chlorite abundance. Also, the 060 d-spacing 
of the chlorite was 0.154 nm, showing that this clay is trioctahedral, and the presence of Fe or Mg is consistent 
with our theory for clay transformation under leaching or redoxomorphic changes. The XRD patterns show that 
the 1.0 nm peak intensities were increased after K+550 ºC treatment in conjunction with decrease of 1.4 nm peaks. 
This trend was observed in subsurface more than surface. This can be related to K fixed by depleted illite layers 
after this treatment. The K has been removed by palm date uptake or leaching from soil solution. The palm dates 
uptake more K in comparison to other crops. Following this result, all palygorskite was removed from subsurface 
but a small peak (low intensity) was observed at 1.05 nm in surface soil. It may be related to one of these sources: 
(1) palygorskite may be came from dust storms in this arid zone, or (2) from irrigation water. Palygorskite fibers 
are dispersed in water very well and can transfer to far away in water. Palygorskite was identified in upward land 
of Arvand River that could be a source. Palygorskite was transformed to smectite under high precipitation (more 
than 400 mm) or heavy irrigation. Therefore, palygorskite can be transformed or collapsed in moist soil conditions.

Keywords: clay, transformation, palygorskite, smectite.

[1] Grim, R.E. (1968). Clay mineralogy. International series in earth and planetary sciences. McGraw-Hill, New York.
[2] Kittrick, J.A. and E.W. Hope. (1963). A procedure for the particle- size separation of soils for x-ray diffraction analysis. Soil Science. 96: 
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EFFECT OF PARENT MATERIAL AND IRRIGIATION ON SEPIOLITE AND 
PALYGORSKITE DISTRIBUTION IN SOME GYPSIFEROUS SOILS OF 
KHUZESTAN PROVINCE, IRAN
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*siroosjafari@yahoo.com 

Some parts of Iran contain evaporite deposits of Quaternary age. This parent material is composed of calcareous 
minerals, gypsum, anhydrate, and some clay minerals. Sepiolite and palygorskite were formed under this situation, 
especially along with crystallization of anhydrate or gypsum. Sepiolite and palygorskite impart special charac-
teristics to soils with or without gypsum. The aim of this study was to examine the effect of parent material and 
irrigation on sepiolite and palygorskite distribution in the some gypsiferous soils. The soil moisture and temper-
ature regimes are Ustic and Hyperthermic. In this manner, 10 profiles were dug and described (soil survey staff, 
2012). These profiles had different drainage class and some of them were irrigated for more than 100 years. All 
horizons were sampled and clay minerals were purified and treated by Mg, Mg+ethylene glycol, K, and K+550 
ºC from these soil samples. The Aridisols, Entisols, and Inceptisols were identified in this area (Key to soil taxon-
omy, 2014). Then, XRD patterns were collected from oriented samples and interpreted by Grim’s XRD patterns 
(1968). Smectite, kaolinite, illite, chlorite, palygorskite, vermiculite, sepiolite, and quartz were identified in these 
soils. Kaolinite and illite were inherited from parent material. Chlorite was inherited and also was formed from 
smectite transformation. This transformation can be related to sepiolite transformation under heavy irrigation in 
this arid region. With increasing soil moisture under irrigation, sepiolite is unstable and collapses or is transformed 
to smectite. If collapsed, Mg will be released from this clay and can make suitable conditions for a brucite sheet 
in the chlorite. The sepiolite stability was observed in low electrical conductivity, high pH, and high Mg content. 
The sepiolite proportion is inversely correlated with the gypsum content in unirrigated soils. In despite of sepiolite, 
palygorskite proportion increased with gypsum content in unirrigated soils. Also, an inverse correlation was ob-
served between palygorskite and smectite proportion. Maximum palygorskite was in surface soil and smectite was 
abundant in subsurface soil horizons. The smectite may be formed by palygorskite transformation in subsurface 
soil due to more soil moisture especially in weak drainage. Palygorskite may be originated from irrigation water or 
dust storms that happen frequently in this region. Therefore, smectite was abundant in subsurface soil with good 
drainage class. Vermiculite has been formed in irrigated surface soils. This clay mineral was identified from in-
creasing intensity of the1.0 nm peak with K+550 ºC in irrigated surface soil. Vermiculite can be formed from trans-
formation of illite to smectite stage. This may happen under high leaching of K or plant uptake in irrigation soils.

 
Keywords: palygorskite, gypsic sepiolite, Quaternary.
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POTENTIAL OF DIFFERENT SOILS AND MINERALS FOR LEAD, 
CADMIUM AND NICKEL ADSORPTION FROM CONTAMINATED WATER
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Industrial effluents contain significant amounts of heavy metals which are leached from soil to the groundwater 
when these are added to soils. This study was conducted to evaluate the efficiency of clay minerals and different 
Khuzestan’s soils for removing of lead, cadmium and nickel from contaminated water at different pH levels and 
metal concentrations. Absorbent soil series were 1) Karoon series with low contents of smectite and organic matter 
and under cultivation for few years, 2) and Demcheh series which has been under cultivation for a long time and 
has high contents of organic matter and smectite. Two minerals were garnet and bentonite (from Iranian central 
mines) and sand was used as a blank adsorbent. All absorbents were contaminated with Pb, Cd and Ni in two 
concentration (i.e., 100 and 200 mg/l) and two pHs (i.e., 7 and 8). Factorial experiment laid out in a completely 
randomize design with two replications. We added 400 ml of contaminated water to each adsorbent column with 
constant speed under 2 cm constant head during required time. Results show that the metal amounts adsorbed 
by applied adsorbents were significantly different for different concentrations and the pH levels. The adsorption 
capacity was in the order: bentonite > garnet > soil with high smectite (Demcheh) > soil with low smectite (Ka-
roon) > sand. The Demcheh soil adsorption was equal 50% in comparison of the bentonite or garnet minerals. 
The adsorption capacity of heavy metals was related to the amount of organic matter content and CEC of the two 
soils. Also, with increasing in pH level from 7 to 8, the amount of heavy metal adsorbed increased by bentonite 
(10.66%), Garnet (9.17%), Demcheh soil (9.37%) and Karoon soil (9.14%). There was no changed in the adsorp-
tion behavior of sand with change in solution pH. Similarly, with increasing the concentration of each metal from 
100 to 200 mg/L, significant positive effect was observed on adsorption amount of Pb, Ni, Cd by bentonite (6.64), 
garnet (10.71), Demcheh soil series (9.43%), Karoon soil series (8.61%). We conclude that Demcheh soil series 
has a good potential for the adsorption of heavy metals due to its high organic matter and smectite content, and 
may be used for the disposal of industrial effluents. 

[1] Grim, R.E. (1968). Clay mineralogy. International series in earth and planetary sciences. McGraw-Hill, New York.
[2] Kittrick, J.A. and E.W. Hope. (1963). A procedure for the particle- size separation of soils for x-ray diffraction analysis. Soil Science. 96: 

312-325.
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INFLUENCE OF URMIA LAKE IN NORTHWEST OF IRAN
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The nature, trend, and formation of clay minerals are important for applied clay scientists to consider. However, 
in the salt-affected soils of the world (such as Iran) few studies have examined the genesis and distribution of clay 
minerals mainly in marginal to saline lakes. In this study, the clay mineralogy of soils under the influence of Urmia 
Lake (a hypersalic lake) in northwest of Iran were assessed to determine their origin and factors controlling their 
distribution pattern in soils. In the light of this, 7 soil profiles belonging to different soil types were dug, described, 
and sampled. Soil samples were analyzed and the minerals of clay fraction were determined using XRD. Soils 
showing pH <8.5, exchangeable sodium percentage (ESP) >15, sodium adsorption ratio (SAR) >13, and electrical 
conductivity (EC >) 4 dS m-1 are referred to as saline-sodic soils. The XRD patterns of the clay fraction from all 
of the soil profiles exhibited a similar composition of phyllosilicate minerals, including illite, smectite, chlorite, 
vermiculite, and kaolinite. Indeed, the minerals were similar in type but some differences were observed in the 
intensity, position, and peak shape of them (except kaolinite) as well as in their relative amounts mainly due to 
the change in drainage condition and ground water table depth. The general increase in smectite content with 
depth may be associated to its neoformation from soil solution under unsuitable drainage conditions of the deeper 
horizons. The occurrence of illite, chlorite and kaolinite, which together accounted for >60% of the clay fraction 
of these soils, is largely related to their presence in the parent rock. The presence of conditions such as high pH, 
low Al activity, and large amounts of Si and Mg in the study soils lead to the rare occurrence of vermiculite. This 
condition, in contrast, was favorable for smectite formation.
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Tunisia contains large quantities of clays located in sedimentary formations, Permian to Quaternary in age, which 
include levels rich in smectite, illite, kaolinite and/or palygorskite. Sometimes halloysite is also found in lenses 
(Jamoussi, 2001).

The first tests of manufacture of lightweight aggregates (LWA) in Tunisia were carried out by our team since 2006 
(Fakhfakh, 2006; Fakfakh et al., 2007) using Cretaceous materials. These encouraging tests have led us to cover 
almost all the territory and the whole stratigraphic series by testing the potentiality of different kinds of clays. The 
studied levels are as follows: [1] Lower Cretaceous clay of Tataouine, [2] Triassic clay of the Saharan Platform, 
[3] Lower Cretaceous clay of the Kebeli Region, [4] Santonian - Coniacian clay of El Hamma, [6] Campanian 
- Maastrichtian clay of Oued Tfal Gafsa basin, [7] Maastrichtian - Paleocene clay of Jebel Stah Gafsa basin, [8] 
Barremian clay of Jebel Oust, [9] Pliocene clay in North East of Tunisia, [10] Eocene clay of Nefza area.

Despite the abundance of clays likely to be used in the manufacture of LWAs, no unit exists either in Tunisia or in 
Africa. A unit of this kind could satisfy both the needs of Africa and the Middle East in these LWAs.

Because of their lightness and porosity characteristics, LWAs can be used as thermal and acoustic insulation, show-
ing fire resistance, freeze-thaw resistance and chemical inertness. These materials are heavily used in building and 
engineering work civil society. 

After the mineralogical and geochemical characterization of the studied clays, we carried out tests for the produc-
tion of LWAs with the raw materials or after the addition of materials improving the expansion. The firing tem-
perature varied between 1130 and 1180 °C. A characterization of the aggregates gave the following results: bulk 
density (0.26-0.58 g/cm3), compressive strength of granule (0.1-1.73 KN /mm2) and water absorption (1-58%). 
The obtained results are encouraging, and they could make highly feasible the industrial production of these ma-
terials in Tunisia from local clays, and, therefore, would be a great contribution to local, national and even North 
African economic development.

Acknowledgements: this study was supported by funding from MEDYNA: “FP7-Marie Curie Action funded under Grant Agreement PIRS-
ES-GA- 2013-612572” and by the cooperation WBI Project between Tunisia and Belgium “Valorisation des argiles naturelles”.
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ADSORPTION OF PESTICIDES ON PHOSPHONIUM ORGANOCLAYS
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The large use of chemicals in agriculture, especially herbicides, has been serious environmental concern because 
of the potential run-off and leaching of these compounds through the soil, contaminating surface and ground 
waters. Herbicide run-off and leaching down the soil profile have become a serious environmental problem and 
a primary source for polluting surface- and groundwater. Widely used herbicides such as atrazine, isoproturon, 
diuron and alachlor are the main compounds found in groundwater. The most common technique for removal of 
pesticides like atrazin from water involves use of an activated carbon adsorption system. Unfortunately, activated 
carbon lacks selectivity for atrazine and adsorbs innocuous organic compounds. As a consequence, it is desirable 
to investigate complimentary supplements to activated carbon such as organically intercalated clays.

The clay exchanged with suitable organic cations forms a basis for ecologically acceptable formulations of herbi-
cides with reduced leaching, ground water contamination and enhanced weed control efficacy. Incomplete neutral-
ization of the clay surface charge by an organic cation may be advantageous in achieving maximal adsorption of 
hydrophobic herbicides. One conclusion from these studies is that optimization of clay-based herbicide formula-
tions requires a selection of structurally compatible organic cations preadsorbed on the clay at optimal coverage.

The objective of the research reported herein was to create alkylphosphonium based organoclays with four struc-
turally different phosphonium organocations: tetrabutylphosphonium (4P4), tetraoctylphosphonium (4P8), tribu-
tylhexadecylphosphonium (3P4-C16) and trioctylhexadecylphosphonium (3P8-C16) and to investigate the ability 
of these organoclays to sequester atrazine from water. The studies characterized the apparent adsorption of atrazine 
on and desorption from organoclays created with the surfactant and a purified montmorillonite, and quantified the 
impact of the ratio of surfactant to clay in the organoclay.
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The intercalation of montmorillonite with a broad range of organic cationic surfactants, with the aim of preparing 
inorganic additives for polymers, has attracted wide attention from academic and industrial researchers because 
polymer-clay nanocomposites frequently exhibit unexpected properties arising from the synergy of their compo-
nents.

The structurally unique surfactant 9,10-dihydroxy-octadecyltrimethylammonium iodide (OH-ODTMA), prepared 
by a two-step synthesis from commercially available oleylamine, was successfully intercalated into montmoril-
lonite. In addition, oleyl trimethyl ammonium cation (OLEYL-TMA), the precursor of the aforementioned novel 
surfactant, as well as the commercially available and widely used octadecyltrimethylammonium (ODTMA) cation 
were also intercalated into montmorillonite. The resulting organoclays were characterized in detail by various 
physicochemical techniques to understand the effect of alkyl chain functionalization on surfactant properties and 
arrangement in montmorillonite interlayers. The XRD showed a definite intercalated structure for all three sur-
factants, manifesting a pseudo-trilayer arrangement. The combination of IR and MAS NMR spectroscopy allowed 
investigation of the effect of unique surfactant functionalization on the structural features at the nanometer level of 
composites consisting of the organic surfactant and inorganic montmorillonite.

Infrared spectroscopy, based on the shift of the stretching and overtone CH2 bands, showed that the gauche confor-
mation was extensively adopted by the novel structurally unique surfactant OH-ODTMA, while the well-known 
ODTMA cation mostly adopted the more ordered trans configuration.

The 13C MAS NMR spectra revealed that the surfactant ODTMA was arranged in a more orderly fashion within 
clay interlayers than OLEYL-TMA and novel OH-ODTMA, as confirmed by the calculation of the ratio of gauche: 
trans conformers after deconvolution of NMR signals 30 and 33 ppm.

The novel alkylammonium surfactant functionalized with two OH groups in the middle of the backbone represents 
a prospective ingredient for organoclay-polyurethane nanocomposites.

The authors acknowledge the financial support of the Slovak Research and Development Agency (grant APVV-15-0741).
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The properties of charged colloidal particles are strongly affected by the valency of the counterions. With mono-
valent counterions, the electrostatic interaction between the particles is repulsive, whereas for multivalent counte-
rions, the interaction can be attractive due to electrostatic ion-ion correlation effects. 

The osmotic pressure and the aggregation of charged colloids as a function of temperature have been investigated 
using Monte Carlo and Molecular Dynamics simulations for different ratios of monovalent and divalent counteri-
ons.1 In the simulations the water is treated as a temperature-dependent dielectric continuum, and only the electro-
static interactions are considered. It was found that the electrostatic interactions alone can give a positive, negative, 
or constant osmotic pressure response with temperature, depending on the monovalent/divalent counterion ratio. 
The increase in osmotic pressure with temperature, which occurs at low enough surface charge density, and/or low 
fraction of divalent counterions, can be understood from the DLVO-theory. The origin of the opposite behavior can 
be explained by the enhanced attractive electrostatic ion-ion correlation interactions with temperature. The frac-
tion of divalent counterion charges neutralizing the colloid, where a crossover from positive to negative pressure 
response with temperature is found, depends on the surface charge density, the pressure (or volume fraction), and 
other components such as the rotational entropy and the size of the colloid. The current conclusions are supported 
by the microstructural characterization of the swelling clay mineral montmorillonite, where it has been recently 
shown that the swelling pressure of montmorillonite as a function of temperature can be understood from ion-ion 
correlations.2 For this purpose, mixtures of Ca2+- and Na+-montmorillonite in water have been measured with small 
angle X-ray scattering (SAXS) at four different temperatures, and it was found that Bragg peaks appear for a sodi-
um content of ~ 20% or less, which indicates that tactoid exist in those compositions. As the sodium content was 
reduced, the number of platelets per tactoid increased. By increasing the temperature, the separation between the 
platelets in the tactoids decreased and the number of platelets per tactoid seems to increase slightly. For a sodium 
content of ~ 40%, or more, no tactoids were found, which indicates that the interaction between the platelets are 
dominated by repulsive interactions.

Our theoretical predictions are in qualitative agreement with the SAXS experiments, giving a further indication 
that our model can explain the underlying physics. The theory presented here is general and predicts that the tem-
perature response for all types of charged colloids can be controlled by mixing counterions of different valence, if 
the interactions in the system are dominated by electrostatics.

[1] Thuresson A., Jansson M., Plivelic S.T., Skepö M. (2017). Temperature response of charged colloidal particles by mixing counterions 
utilizing Ca2+/Na+-montmorillonite as model system. Submitted to Journal of Physical Chemistry C.

[2] Thuresson A., Karland O., Jönssion B. (2016). Anomalous temperature behavior in clay swelling du to ion-ion correlations. EPL, 115 (3) 
38002.
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Layered double hydroxides (LDHs) can be dived into two groups: brucite and aluminium hydroxide derived, 
which have a chemical composition of [M(II)1-xM(III)x(OH)2A

n
x/n] and [M(II)Al4(OH)12A

n
1/n], respectively, where 

M(II) (M(III)) are divalent (trivalent) cations and A an anion needed for charge balance. The most common LDHs 
are brucite-derived and have been extensively studied [1], whereas only a few studies of M(II) insertion in the 
aluminium hydroxide derived LDHs have been published. This work investigates the insertion of zinc sulphate 
and nitrate into bayerite, one of the two common (Al(OH)3) polymorphs, leading to a so-called ZnAl4-LDH with 
an ideal chemical composition of ZnAl4(OH)12SO4 and ZnAl4(OH)12(NO3)2, respectively. These materials have 
very interesting potential applications inside many areas, however only a few in-depth studies of the structure have 
been published and some of these contains uncharacteristic binding environments like Zn with bond length varying 
from 1.5 Å to 2.3 Å furthermore is it problematic to obtain pure sample [2]. Thus, in order to study the structure 
a sample of sufficient purity is need. With that goal have the effect on the purity of the synthesized ZnAl4-LDHs 
on systematic variation of temperature and time of hydrothermal treatment been studied. The sample quality was 
assessed by powder X-ray diffraction, solid state NMR (SSNMR), TEM, and elemental analysis. An extensive 
structural investigations of the best products utilising PXRD combined with Rietveld refinement, ICP, TEM, IR, 
Raman, SSNMR, and first principle DFT calculations were performed in order to gain insight into the structure 
[3,4]. Four different structural models were assessed:, an ideal model, a model with vacancies on the Zn positions, 
a model with vacancies on Zn andSO4 positions, and a model with vacancies on the Zn, Al, and SO 4 positions. 
However, Rietveld refinement could not distinguish between these models. By combing the information obtained 
from all techniques was it found that the structure follows the ideal model, with only few defects.

[1] Evans, D.G.; Slade, R.C.T., Structural Aspects of Layered Double Hydroxides. Springer-Verlag Berlin Heidelberg 
[2] Britto S., and Kamath P. V., Polytypism, Disorder, and Anion Exchange Properties of Divalent Ion (Zn, Co) Containing Bayerite-Derived 

Layered Double Hydroxides, inorganic chemistry, 11370.
[3] Pushparaj, S.S.C.; Jensen, N.D.; Forano, C.; Rees, G.J.; Prevot, V.; Hanna, J.V.; Ravnsbæk, D.B.; Bjerring, M.; Nielsen, U.G., Structural 

Investigation of Zn(II) Insertion in Bayerite, an Aluminum Hydroxide. Inorganic Chemistry, 9306.
[4] Unpublished data.
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The Seto district is one of the largest sedimentary kaolin fields in the Japan Arc. The kaolin deposits occur as 
fluvial and lacustrine arkose sediments of late Miocene to Pliocene, and were subjected to intense kaolinization 
after sedimentation [1]. The kaolin deposits unconformably overlay Cretaceous granitic rocks. The upper parts of 
the granitic rocks were weathered to clayey saprolite showing greenish gray to dark green in color. We tentatively 
call the saprolite “green saprolite” in this study. The green saprolite is several to 20 meters in thick, and comprises 
coarse-grained quartz, feldspars with minor amount of biotite and clay minerals, but no chlorite is detected. The 
fraction of clay minerals accounts for about 10 wt. percent of green saprolite, and is composed mainly of kaolinite. 
The kaolinite commonly contains small amount of Fe based on SEM-EDS analyses. The color of green saprolite 
would be acquired by the Fe-bearing kaolinite. 

We have investigated two green saprolite samples, M01 and 07. M01 was collected near the top of saprolite, and 
M07 in 3 meters deep. Kaolin clay was extracted by elutriation and centrifuge. The semi-quantitative analyses by 
SEM-EDS indicate that Fe contents range from 2 to 3 wt.%, and Si and Al in kaolinite seem to be replaced by Fe. 
The pre-Edge analyses of XANES indicate that Fe in M01 and M07 are ferric iron. The EXAFS of M01 indicates 
that Fe is in octahedral sites and the second nearest neighbor is Fe, which suggest Fe-Fe bonding. In contrast, the 
EXAFS of M07 indicates that Fe is also in octahedral sites, but the second nearest neighbour is not Fe. The results 
of XAFS analyses suggest that ferrihydrite or similar materials exists in the kaolin clay of M01, but no ferrihydrite 
contribution to the kaolin clay of M07. 

Fe-bearing kaolinite has been reported from soils under tropical environments and laterite [2,3]. Those kaolinite 
precipitated under strongly Fe-rich and oxidized environments. However, in the case of the Seto district, the host 
granitic rocks are not Fe-rich, and kaolinization did not occur on/near the surface but beneath fluvial or lacustrine 
sediments. The fluvial and lacustrine sediments have been generally in kaolin-stable acidic and anoxic conditions 
due to the existence of organic matter. The original Fe in arkose sediments was leached out and infiltrated into 
granitic rocks during kaolinization. Thus, we can interpret that the carrier of Fe would be organic acid solution, 
and the leached Fe reacted with kaolinite in green saprolite. The mineralogical difference between M01 and M07 
might be attributed to the difference in the degree of reactions.

Acknowledgments: we deeply appreciate Sadahisa Sudo, Minako Kurusu, and Yoshiaki Kon for their kind cooperation. We also thank the 
collaborative research team on the utilization of unused ceramic raw materials for their technical supports.
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PRELIMINARY MINERALOGICAL AND GEOCHEMICAL RECORDS 
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Climate variability is the main factor involved in the control of water level variations in wetlands [1]. A mineral-
ogical and geochemical study of sediments cores from Rincón del Muerto wetland (Cordoba Province, S Spain) 
has been performed to provide information on limnology records and paleoclimate in southern Spain during the 
Holocene. In general, this area presents a poorly defined drainage network related to karstification processes 
affecting subjacent evaporite rocks. These endorheic depressions can be flood temporarily or even permanently. 
Synsedimentary processes and diagenesis result in local cementation, desiccation, and reworking of these deposits, 
particularly along the margins of the wetland. The results of XRD show that the dominant mineralogical composi-
tion corresponds to clay minerals (>50%), followed by quartz, calcite, gypsum, halite, dolomite and ankerite. The 
clay mineral associations consist of smectite (69%), illite (7%), kaolinite (3%), chlorite (<1%) and illite/smectite 
(I/S) mixed layers (24%). The XRF data and chemical ratios have been used as indicators of different processes 
that occurred in the pilot wetland area. Thus, the upper sediment levels of the cores are enriched in elements as-
sociated with alumino-silicates (Al, K, Ti, Fe), characterized by the presence of clay minerals, quartz and detrital 
calcite, reflecting fresher conditions. On the contrary, higher values of Sr and S have been detected in the lower 
sedimentary levels, accordingly to precipitation of gypsum and halite (water evaporation) and to endogenic car-
bonate precipitation (with higher S/Al, Sr/Al ratios). In some levels, higher values of organic carbon content have 
been distinguished, highlighting anoxic conditions during periods with high organic productivity (elevated organic 
carbon content and high Mg/Ca and Fe/Mn ratios). 

Geochemical indicators (Cu and Ni) also mark more recent periods of greater detrital input to the wetland, related 
probably to agricultural and human activities in the area [2]. This preliminary geochemical study provides evidenc-
es about the main depositional processes that have occurred in Rincón del Muerto wetland, from which variations 
in paleoclimatic conditions in this area has been inferred.

This work was financed by regional (RNM-6895 and RNM-8087) and national (MINECO-CGL2013-45230-R) projects.
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processes in a Mediterranean Lake: a high-resolution study of the last 4,000 years in Zoñar Lake, southern Spain. Journal Paleolimnology 
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Clay smearing processes can be identified in m to cm-scale displacement faults offsetting soft-rocks sequences of 
interbedded carbonate, marls, sands, silts, gypsum and clays from an excavated trench in the Baza fault (Spain). 
This 37-km long structure is an E-dipping active normal fault located in the Guadix-Baza Basin (Betic Cordillera) 
with a variable strike with N-S and NNW-SSE segments. The fault has associated instrumental and historical seis-
micity, the most important of which is the 1531 Baza earthquake, with more than 400 fatalities. 

Clay smearing appears by deformation of clay-rich sediments (illite, smectite) producing bands with reorientation, 
flow, and extrusion of clay minerals. Striations and slip surfaces are also sometimes observed. Many of these defor-
mation bands show subsequent precipitation of gypsum. Contrasting with clay smearing, disaggregation bands can 
also be observed at the coarser grain sized (50-200 μm) sediments of the trench made of quartz, calcite, dolomite 
and feldspars. These bands (up to 300 μm thick) are characterised by granular flow processes such as grain rolling 
and grain boundary sliding. Grain scale mixing with silt sediments also occurs along discrete bands. Local grain 
cracking, increasing grain angularity and decreasing grain size, can also be observed. Shear-induced rotation in 
sediments rich in coarse muscovite, paragonite and chlorite grains (up to 100 μm long) produce phyllosilicate 
alignment to form local fabric that can be considered as a particular type of disaggregation band where platy min-
erals promote frictional grain boundary sliding within the bands. 

Our mineral and petrographic characterization of the soft-rocks of the fault zone exposed in a trench allows us to 
recognize particular microstructures and deformation mechanisms occurring during seismic deformation. These 
features suggest predominance of ductile deformation mechanisms in the studied fault soft rocks. Shearing of 
sands and silt sediments could involve granular flow or local proto-cataclasis of grains. Clay rich-sediments always 
present ductile deformation. The dominant deformation mechanism may be controlled by the mineral composition 
of the shear band and the water content. Incorporation of clays and water-rich sediments along shear bands may 
reduce shear strength.
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In this study three natural zeolite were obtained from different regions of Yamen were fully characterized by 
scanning electron microscopy (SEM), Energy-dispersive X-ray spectroscopy (EDS) technique, point charge zero 
(PZC), X-Ray diffraction (XRD) and X-Ray Fluorescence (XRF). Quantitative and qualitative mineralogical char-
acterization indicated than the main minerals constituents are clinoptilolite and mordenite and trace of feldspars 
and biotite, (with an amorphous fraction) were also detected. In this study natural zeolite was used in ammonium 
removal, the kinetics and isotherms of ion exchange were also studied. Important parameters which affect the ion 
exchange, such as pH of solution, contact time, zeolite mass and initial ammonium concentration were investigat-
ed. The acid-base properties of the zeolites were characterized by acid-base titrations (pHPZC=7.6 ±0.4). The am-
monium maximum sorption capacity at pH 8 shown important values witch achieved 51.81 mg-N/g for Zeolite-3. 

Modification of zeolite structure was also studied, and results show a hight power of zeolite as adsorbent of am-
monium from waste water. 

Keywords: Zeolite, clinoptinilite, isotherms, ammonium, sorption, kinetic.
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Interpreting a rammed earth technique of soil ramparts via material analysis is very important to identify traditional 
building techniques and to assume the utilization ability of raw materials (Silva et al., 2013; Milete et al., 2016). 
Furthermore, this helps us understand the technical and social levels (Niroumand et al., 2014). This study identi-
fied the quantitative and objective manufacturing technique for the rammed earthwork of the Ganghwa Jungseong 
Fortress, the 13th Korean ramparts, by analyzing its physical, mineralogical, granulometric, and geochemical char-
acteristics. Furthermore, mutual homogeneity between the rammed earthwork and a host rock, topsoil, and subsoil 
collected around the fortress was interpreted.

The physical characteristics of soil samples were analyzed by the Munsell soil color chart, chromameter, and mag-
netic susceptibility measurement. Mineralogical characteristics were identified using stereoscopic and polarizing 
microscopes and X-ray diffraction analyses. Particle sizes were classified by wet sieving and a laser diffraction 
analyzer. Using an inductively coupled plasma spectrometer and a neutron activation detector, the geochemical 
compositions of major, minor, and rare earth elements were obtained. The results revealed that the rammed earth-
work was used a genetically common soil regardless of layers and locations. However the rammed earthwork 
showed different careful selection according to the ground, foundation and body parts. The ground part comprised 
a loam-textured weathered soil showing low brightness and high redness. Considering the low SiO2 and high Al2O3 
and Fe2O3 contents, the soil is highly influenced by siallitization.

The five-layered foundation part exhibited various colors from red to brownish yellow, wide range of magnetic 
susceptibilities (ranging from 3.65 to 12.80 × 10−3 SI unit), and particle distributions from silty loam to sandy 
loam. This part was overall affected by low siallitization except for the lowest layer, and it showed a wide range of 
organic contents (4.19 to 8.08 wt%). In particular, the highest layer in the foundation part exhibited a pale yellow 
color, which is a distinct characteristic, signifying the high magnetic susceptibility of 12.08 × 10−3 SI unit, low 
siallitization, and organic contents (4.19 wt.%). In addition to the physical and geochemical characteristics, the 
soil texture was classified as mere loam because the layer had much higher sand contents than the other layers. 

This soil is similar to saprolite, a chemically weathered rock, which is soft, earthy, typically clay-rich, thoroughly 
decomposed, and formed via chemical weathering of igneous, sedimentary, and metamorphic rocks. Owing to high 
sand contents, this soil forms the frame of the foundation part and improves its ventilation and drainage because of 
the widening of the pore space between the soil particles. Unlike the foundation part, the body part is composed of 
silty loam in the lower part and silty loam and loam from the middle part. The technique that alternately hardens 
soils with different particle sizes has the advantages of external shock absorption and crack prevention owing to 
temperature change during winter and summer seasons. 

The rammed earthwork and soils around the fortress had similar magnetic susceptibilities, rock-forming minerals 
(quartz, alkali feldspar, plagioclase, mica, illite, kaolinite, and chlorite), and geochemical characteristics. The 
results indicate that the rammed earthwork and soils around the fortress have a genetically common source. More-
over, the rammed earthwork was built using the soil weathered from the banded gneiss because it was correlated 
to the banded gneiss that constituted the bedrock around the fortress. 

[1] Niroumand H., Zain M.F.M., Jamil M. (2014). Rammed earth theory in earth architecture. African Journal of Agricultural Research, 9, 
432-435.

[2] Mileto C., Vegas F., Cristini V., Macchioni N., Sozzi L., Lazzeri S. (2016). Studies for the restoration of the Islamic Bofilla Tower as an 
example of wood use in rammed earth structures. Journal of Archaeological Science, Reports, 7, 269-279. 

[3] Silva R.A., Oliveira D.V., Miranda T., Cristelo N., Escobar M.C., Soares E. (2013). Rammed earth construction with granitic residual 
soils: The case study of northern Portugal. Construction and Building Materials, 47, 181-191.
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Ceramic products play a very important role in Chilean society. Ceramic products are considered primarily prod-
ucts. This is also one of the reasons for their wide usage (bathrooms, kitchens, laboratories, schools, etc). Residual 
deposits of kaolins are known in Chile, products from the meteorization of granodioritic to dioritic rocks, which 
form plastic clays with high kaolinite contents, in addition to illite, along with residual quartz. There are different 
types of kaolins in Chile distributed in deposits, specifically in the central and south-central sectors of the country 
[1]. These sedimentary plastic kaolins are found along both the eastern and western slopes of the Chilean Coast 
Range. However, neither the extension, potential, nor technological behaviour of this sedimentary sequence were 
adequately studied. Meseguer et al. (2011) carried out a preliminary study about kaolin deposits in the Maule 
Region (Chile). These authors have assessed the application of these non-exploited clays to the local ceramic in-
dustry. The main objective was to determine the technological properties and composition of these raw materials 
in order to evaluate their ceramic behaviour and applicability [2].

The kaolins studied were selected in the areas of San Miguel (A and B) and Las Juntas (C and D), both located 
in Cauquenes Province (Maule Region, Chile).The chemical and mineralogical composition was determined by 
X-ray fluorescence (XRF) and X-ray diffraction (XRD). Kaolins were moistened until homogeneous agglomer-
ates with 5% of water were obtained. They were pressed (300 kg/cm2, 80 x 40 x 5 mm). The pieces were finally 
heated. The mineralogical analysis of the fired bodies was carried out by XRD at the following temperatures 835, 
980, 1080 and 1160 ºC. Ceramic bodies have been heated in a ceramic kiln following a standard heating cycle for 
ceramic bodies, after being dried in a stove. The usual industry sector firing cycles were designed (0-500 ºC: 2 h; 
500-650 ºC: 2 h; 650-Tmax: 2 h; Tmax: 4 h), and maximum temperatures (Tmax) of 835, 980, 1080 and 1160 °C 
were reached. Mineralogical analysis of the ceramic bodies was performed by X-ray diffraction. Thermodilato-
metric analysis (TDA) was carried out using a horizontal pushrod dilatometer Bähr model DIL 804 with a heating 
rate of 10 ºK min-1 with α-Al2O3 as inert substance. Also, the plasticity index (PI) was measured for each sample. 
Linear contraction (LC), water absorption capacity (WAC) were done to characterize the fired clays.

Results show the presence of quartz, mullite, spinel, orthoclase, albite, hematite, enstatite, ferrosilite, augite and 
forsterite for A samples. Quartz, trydimite, anorthite, orthoclase, hematite, corundum, fayalite, ferrosilite and her-
cynite were present in B samples. Quartz, anorthite, albite, hematite, mullite, microcline, augite and enstatite were 
present in C kaolin samples. Quartz, mullite, spinel, orthoclase, trydimite, enstatite and olivine were present in D 
samples. The persistence of illite at least at 835 ºC is shown in all samples. At 1080 ºC mullite is formed in A, C 
and D series. In these series mullite content is high at 1160 ºC. A considerable decrease in the WAC coinciding 
with the beginning of vitrification was observed. At 1160 °C, the porosity of the tile bodies decreased significantly. 
The samples studied are easily adaptable to ceramic processes (pottery, sanitary, structural ceramic, bricks, etc).

[1] Carrasco, R., Gajardo, A.Y., & Mendoza, J.L. (2003). Geología de yacimientos de arcillas plásticas para la elaboración de cerámica blan-
ca y refractarios en las regiones VI y VII, Chile. XX Congreso Geológico Chileno. Del 6 al 10 de Octubre de 2003. Concepción-Chile.

[2] Meseguer, S., Pardo F., Jordan, M.M., Sanfeliu, T., & González, I. (2011). Ceramic behaviour of some kaolins from Cauquenes Province 
(VII Region of Maule, Chile). Applied Clay Science, 52, 414-418.
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Due to determinant environmental factors, water treatment and purification processes have been generalised 
worldwide, especially in countries with increasing scarcity of water resources. There are several water purifica-
tion processes, and waste denominated as biosolid is generated in every case and treatment type [1]. On the other 
hand, about 70% of the processing waste in the Spanish natural stone industry is disposed of locally. Marble dusts 
are usually dumped into riverbeds and this poses a major environmental concern [2]. The substitution of clayey 
raw materials for other wastes, in this case biosolids and marble sludge, in the production of traditional ceramics 
could be cost effective from the utilisation and recycling of these wastes as a secondary raw material. At the same 
time, it can be helpful in tempering the environmental problems associated with such wastes. A standard ceramic 
clay(52% SiO2, 18% Al2O3, 11% CaO, 7% Fe2O3, 4% MgO), and three sewage sludge samples coming from three 
different sewage plants were selected. Soluble SO4

-2 and Cl- were analyzed by gravimetry and titration, respec-
tively. The total organic matter was determined by calcination at 500 ºC while the loss of mass was determined 
by calcination to 1000 ºC. The CaCO3 content was determined by calcimetry. The content of heavy metals and 
trace elements were analyzed by X-ray fluorescence in all the samples. The mineralogical analysis of the clay 
samples was carried out by XRD on oriented aggregates (normal, heated to 550 ºC during 2 hours and treated with 
ethylenglycol) using a Siemens D-500 with Bragg-Bretano geometry. A representative sample of a residue rich 
in calcium carbonate (sludge) was selected from different marble plants of the natural stone industry of Alicante 
province (Spain). Chemical characterization of the residue employed was done by X-ray fluorescence (XRF) with 
a PW2400 X-ray spectrometer with rhodium target X-ray tube, controlled by SuperQ/Quantitative version 1.1 
software. Some experimental tests were carried out with the ceramic clay, biosolids and the marble residue. Such 
tests consisted of the preparation of mixtures with the following biosolid contents: 0 (control), 1, 2, 3, 4, 5 and 10 
(mass. %) and 0 (control), 15, 20, 25, 30 and 35% of marble sludge, respectively. The test bodies were pressed with 
a laboratory Mignon-S Nanetti uniaxial press, at 40 MPa, and shaped on discs of 20 mm diameter, 5 mm thick and 
approximate weights of 3.5 g. The usual industry sector firing cycles were designed (0-500 ºC: 2h; 500-650 ºC: 2 
h; 650-Tmax: 2 h; Tmax: 4h), and maximum temperatures (Tmax) of 975, 1000, 1025 and 1050 °C were reached. 
The mineralogical analysis of the fired test bodies was carried out by XRD using the usual conditions and tech-
niques. The mineral phases present in the fired test bodies were quartz, plagioclase, augite, gehlenite, wollastonite, 
orthoclase, spinel and hematites. To evaluate the ceramic properties of the obtained material, several processing 
and product properties (linear contraction, water absorption, bending strength) were determined. With regard to 
the technological properties of the final ceramic bodies, there does not seem to be any clear relation between the 
linear contraction values and the content of residue. However, the increase in water absorption along with the 
increase in the residue content is evident. The addition of residue decreased the bending strength. The selection of 
the adequate content of sludge to be added to the ceramic body will be controlled by the usual standards applied 
to construction materials. 

[1] Jordan, M.M.; Almendro, M.B.; Romero, M.; J.M. Rincon (2006). Application of sewage sludge in the manufacturing of ceramic tile 
bodies.Applied Clay Sciences 30, 219-224.

[2] Montero, M.A.; Jordan, M.M.; Almendro-Candel, M.B.; Sanfeliu, T.; Hernández- Crespo, M.S. (2009). Use of a calcium carbonate resi-
due from the stone industry in manufacturing of ceramic tile bodies. Applied Clay Science, 43, 186-189.
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Clay minerals represent natural and interesting host and guest organic chromophores components inducing the 
formation of dye molecular assemblies. Halloysite is a natural nanosized tubular clay (HNT) mineral that has 
many potentially important uses in different industrial fields. Particularly, it can be used as a support for loading 
and controlled-release of guests. Since the last decade, large of literature have been reported onto the HNT and 
their potentiality use (e.g. [1]). Indeed, HNT often varies in morphology, porosity, as well as in physical chemical 
properties. Photofunctional properties (photophysical and photochemical reactions) are one of the most promising 
properties of dye molecular systems (various applications such as molecular devices for optics, phytoremediation, 
lasers, photodynamic therapy of cancer, etc.). Then, it was proposed to understand the interactions of halloysite 
nanotubes with porphyrins. Various HNT which differs in term of morphology, physical-chemical reactivity, or hy-
dration state were used to interact with cationic porphyrins (such as Tetra (N-methylpyridyl) porphyrin) in aqueous 
diluted media. Samples were study by XRD, IRTF, Raman, UV-Visible and fluorescence spectroscopy in the way 
to follow the interactions (surface or interlayer), as well as their orientations in relation to the properties of each 
HNT. Previous results give evidence that sample does not react in the same way with various surface charge from 
zeta potential. Moreover, the interactions are dominant in the case of surface whereas hydrated interlayer seems to 
be lower reactive. Discussion about the porphyrins interactions toward the surface and the lumen will be realized 
as well as the role of physical chemical properties of HNT.

[1] Yuan P., Daovong T., Annabi-Bergaya F. (2015). Properties and applications of halloysite nanotubes: recent research advances and future 
prospects. Applied Clay Science 112-113, 75-93.



Scientific Research Abstracts
Vol. 7, p. 380, 2017
ISSN 2464-9147 (Online)
XVI International Clay Conference | ICC 2017 | Granada, Spain
© Author(s) 2017. CC Attribution 3.0 License

THE REMOVAL OF NICOTINE FROM AQUEOUS SOLUTION BY 
ADSORPTION ONTO MONTMORILLONITE

nataša jović-jovičić*, aleksandra milutinović-nikolić, predraG banković, zoriCa mojović, irena 
ilić, marija ajduković, dušan jovanović

University of Belgrade - Institute of Chemistry, Technology and Metallurgy, Centre for Catalysis and Chemical Engineering, 
Njegoševa 12, 11000 Belgrade, Republic of Serbia

Wastewaters polluted with nicotine have been classified as toxic and hazardous by European Union Regulations 
[1]. Using montmorillonite as nicotine adsorbent has several advantage to other methods and/or adsorbents since 
montmorillonite is an efficient adsorbent and at the same time natural, widely available at relatively low cost. In 
this work montmorillonite (SWy-2 purchased from The Source Clays Repository - The Clay Minerals Society) 
was used for nicotine adsorption experiments. UV-Vis spectroscopy (λmax=261 nm) was used for measuring the 
nicotine concentration and adsorption was carried out at pH=9.26. The estimated equilibrium time was 60 min. 
The adsorption obeyed the pseudo-second-order-kinetics. The adsorption isotherms were obtained for initial con-
centration range of nicotine from 1×10-4 to 2×10-3 mol dm-3 and temperature range was between from 25 and 55 ºC. 
The obtained isotherms were fitted with Langmuir, Freundlich and Sips’ models. For all investigated temperatures 
the results were best described with Sips’ model indicating that adsorption occurred on heterogeneous surface 
with defined number of active sites [2]. The Gibbs free energy (DG) values calculated for the experimental data 
suggested that adsorption of nicotine onto montmorillonite was spontaneous, while the value of DH=19.0 kJ mol-1 
was associated with endothermic process [3]. The result obtained for maximum adsorption capacity of SWy-2 in 
this study (Qmax=0.275 mmol g-1) is comparable with data referred in literature [4], while at optimal pH=6 the Qmax 
of 0.713 mmol g-1 was achieved. The obtained results suggest that montmorillonite can be regarded as promising 
adsorbent for nicotine removal from aqueous solutions. 

Acknowledgment: this work was supported by the Ministry of Education, Science and Technological Development of the Republic of Serbia 
(Project No. III 45001).

[1] Wang S.N., Xu P., Tang H.Z., Meng J., Liu L.X., Huang J., Chen H., Du Y., Blankespoor H.D. (2004). Biodegradation and detoxification 
of nicotine in tobaco solid waste by a Pseudomonas sp. Biotechnology letters, 1493 - 1496.

[2] Kennedy Oubagaranadin J.U., Murthy Z.V.P. (2010). Isotherm modeling and batch adsorber design for the adsorption of Cu(II) on a clay 
containing montmorillonite, Apply Clay Science, 409-413. 

[3] Žunić M., Jović-Jovičić N., Milutinović-Nikolić A., Banković P., Mojović Z., Ivanović-Šašić A., Jovanović D. (2013). Thermodynam-
ics of the adsorption of different dyes onto bentonite modified with hexadecyltrimethylammonium cation, Russian Journal of Physical 
Chemistry A, 2260-2263.

[4] Rakić V., Rac V., Krmar M, Otoman O., Auroux A. (2015). The adsorption of pharmaceutically active compounds from aqueous solutions 
onto activated carbons. Journal of Hazardous Materials, 141-149.
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CONTROLLED ANTIBACTERIAL ACTIVITY OF ANTIBIOTIC- 
NANOCLAY HYBRID COATED FILM
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Gangwondo, 26493, Republic of Korea 
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The antibiotic coating was usually performed to prevent medical devices from infection by bacteria. However, 
coated antibiotics can be easily detached from surface of medical device without proper immobilization. In order 
to provide strong immobilization of antibiotics on coating surface, we utilized layered double hydroxide (LDH) 
and montmorillonite (MMT) as supporter. Two kinds of antibiotics, anionic levofloxacin (LFC) and cationic gen-
tamicin (GTM), were respectively intercalated into LDH and MMT by ion-exchange reaction. From X-ray dif-
fraction pattern, both clays showed lattice expansion along crystallographic c-axis, suggesting the existence of 
antibiotic molecules in the interlayer space of nanoclays. The infrared spectroscopy revealed that the intact struc-
ture of antibiotic molecules were well preserved after intercalation into nanoclays. Through the scanning electron 
microscope, it was proven that the size and shape of nanohybrids were maintained compared with pristine LDH 
and clay. The intercalated amounts of antibiotics quantified by CHNS elemental anlysis and thermogravimetry 
were comparable to the theoretical loading amount in terms of anionic exchange capacity of LDH and cationic 
exchange capacity of MMT. Antibiotic-nanoclay hybrids, LFC-LDH and GTM-MMT, and antibiotics only were 
coated on polyurethane film through drop-casting or dip-coating methods utilizing aqueous urethane binder To 
evaluate the controlled antibacterial activity by nanoclay immobilization, the polyurethane film coated with hybrid 
or antibiotic itself were immersed in simulated body fluid. After designated time points during 30 days, the anti-
bacterial efficiency was monitored through bacterial colony forming inhibition assay.
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GENESIS OF SEPIOLITE AND PALYGORSKITE IN LACUSTRINE 
CARBONATE SEDIMENTS OF THE SAKARYA FORMATION (LOWER 
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The Neogene lacustrine sediments in the Sivrihisar and Yunusemre regions, located at the eastern part of Eskişe-
hir province are composed of claystone rich in sepiolite and palygorskite, argillaceous carbonates, and gypsum. 
Brown sepiolite and palygorskite with organic material content characterizes deposition in a swampy environment 
of the lake whereas dolomitic sepiolite and sepiolitic dolomite without organic content suggest deposition in the 
ponds mostly at the marginal zones, and indicate influence of freshwater and fluctuations in the lake-water level. 
The claystone and associated rock samples were examined using polarized-light microscopy, X-ray diffraction, 
scanning electron microscopy, and chemical and isotopic analysis methods. Dolomite and calcite are associated 
with sepiolite, palygorskite, smectite, chlorite, illite, quartz, amorphous silica, feldspar and amphibole within the 
sediments. Petrographic examination revealed that the dolomite samples are predominantly micrite, and partly 
recrystallized to dolomicrosparite and dolosparite in areas close to desiccation fractures. Presence of ostracods and 
dacycladecean algae in the carbonate samples reflects a restricted depositional environment. In argillaceous carbo-
nates, sepiolite and palygorskite fibers appear either in knitted or scattered forms; which may envelope the relict 
carbonate crystals or may form bridges between them due to occasional changes in physico-chemical conditions 
provided by fluctuations in lake water level and influence of ground water in relation to climatic changes during 
and after dolomite precipitation and diagenesis. Dolomite samples are characterized by high MgO+CaO content 
as expected, with high ignition loss. On the other hand, sepiolite and/or palygorskite-dominated clay samples re-
flect high SiO2+MgO (+Al2O3+Fe2O3) for sepiolite and SiO2+Al2O3 (+MgO +Fe2O3) for palygorskite, with lesser 
ignition loss. Octahedral substitution of Fe3+ is not uncommon, especially in the crystal structure of palygorskite 
in the area. High Sr and Ba values in both carbonate and argillaceous carbonate are due to alteration of feldspar 
and hornblende in the metamorphic and volcanic units. Gypsum in the older rocks is probably another source for 
Sr. Enrichment of Ni and Cr is related to weathering of olivine and pyroxene in the ophiolitic basement units. Plot 
of SiO2 vs. Al2O3+K2O+Na2O in sediments also suggests deposition under the arid conditions. The Ni/Co and V/
(V+Ni) ratios of the sediments indicate anoxic to dysoxic conditions. A slight enrichment of δ13C and δ18O val-
ues of dolomite respect to calcite is probably due to evaporation rate in different parts of the lake environment. 
The δ34S and δ18O values for gypsum ranging from 15.7 to 22.3‰ and from 9.4 to 19.4‰, respectively suggest 
a progressive evaporitic lacustrine environment. A shift to lower values in δ18O of anhydrite may reflect effect of 
evaporation. The 87Sr/86Sr isotope ratios of gypsum range from 0.707579 to 0.708203, and suggest a non-marine 
evaporitic source for precipitation. Changes in physico-chemical conditions resulted in periodic precipitation of 
sepiolite, palygorskite, and dolomite in the environment. The Si, Mg and Al required for sepiolite and palygorskite 
formation were supplied in solution(s) from the Paleozoic metamorphic and Upper Cretaceous ophiolitic rocks, 
and locally the Late Miocene-Early Pliocene volcanic, and volcaniclastic rocks.

Keywords: Argillaceous carbonate, dolomite, gypsum, sepiolite, palygorskite, Sivrihisar, Turkey.
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LIQUID CRYSTAL PHASES FORMED IN THE MIXTURE OF 
NANOSHEETS AND MICROTUBULES 

riki kato (1), noBuyoshi miyamoto (1)*, akira kakugo (2)*
(1) Department of Life, Environment and Materials Science, Graduate School of Fukuoka Institute of Technology, 3-30-1, 
Wajirohigashi, Higashiku, Fukuoka 811-0295, Japan, (2) Department of Chemistry Faculty of Science, Hokkaido University, 
Kita 8, Nishi 5, Kita-ku, Sapporo, Hokkaido 060-0808, Japan

Inorganic nanosheets of around 1 nm thickness and large lateral surface are obtained by exfoliation of inorganic 
layered materials and they form liquid crystal (LC) phase in a solvent [1]. While tuning of the properties and 
structure of nanosheet LCs have been investigated by changing nanosheet and salt concentration and applying 
external field, mixing the nanosheets with other materials is another intriguing way. Here we focus on the mix-
ing of nanosheets with microtubules (MTs) [2-4] which are known as important bio-matter in cell division and 
movement. MTs are rigid hollow tubes with the diameter of 25 nm and persistence length of several mm. They are 
consist of polymerized tubulin proteins at 37 ºC, while they are reversibly depolymerized by cooling. 

Fluorohectorite (FHT) supplied from Topy Industry was purified by 
centrifugation, to obtain LC nanosheet colloid. MT was obtained by 
incubating tublin extracted from pig brain at 37 ºC for 30 min in a 
polymerization buffer with 1 mM GTP and 5% DMSO. The mixture 
of MT and FHT solution were characterized with polarized optical mi-
croscopy (POM) and small angle X-ray scattering (SAXS).

MT solution showed weak birefringence at 37 °C, while it became 
isotropic phase at 4 °C. Nanosheets/MT mixture showed stronger bi-
refringence than each component. In the SAXS measurements, the na-
nosheet colloid showed the peaks due to the lamellar structure with the 
basal spacing of 34.1 nm. MT solution showed the pattern ascribable 
to the form factor of MT [4] Nanosheets/MT mixture showed a board 
peak (d=13.1 nm) that is different from the nanosheets or MT alone. 
After cooling, the peak moved to lower q (d = 21.3 nm) and it was 
recovered to original position after heating again. Thus it is supposed 
that structure of the liquid crystal colloid of nanosheet/MT mixture 
reversibly changed by polymerization and depolymerization of MT as 
triggered by temperature change.

[1] Miyamoto N. (2010). Chem. Commun., 46, 4166.
[2] Wada S., et al. (2015). Soft Matter, 11, 1151.
[3] Shigehara K., et al. (2013). Langmuir, 29, 11786.
[4] Shigehara K., et al. (2012). Soft Matter, 8, 11544.

Fig. 1 SAXS patterns of the aqueous solutions of (a) 
nanosheets, (b)-(d) nanosheet/MT mixture and (e) 
MT measured at (a)(b)(d)(e) 37 ºC and (c) 5 ºC.
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Geopolymer is one of the three-dimensional aluminosilicate materials formed by condensation of amorphous 
aluminosilicate source under highly alkaline conditions [1]. Although dehydroxylated kaolinite (metakaoline) is a 
good source of geopolymer, industrial wastes such as fly ash and slags have attracted attention as geoplymer raw 
materials because of their lower cost and lower environmental impact. Zeolite is one of aluminosilicate materials 
and is used for ion exchange materials, molecular sieves and catalysts. Because most industrially utilized zeolites 
are synthetic products, natural zeolite is only used for deodorant material and moisture absorbent. In this paper, 
the possibility of using natural zeolite (mordenite), which was produced relatively abundantly in Japan, as raw 
material of geopolymer was investigated. 

Starting natural zeolite was heated at 900 oC for 3 h and heated mordenite was obtained. The heated mordenite was 
mixed with a predetermined amount of deionized water, sodium hydroxide, or potassium hydroxide. The resulting 
slurry was placed in a plastic beaker, and aged in an electrical oven kept at 50 °C. And then, the obtained cured 
sample was dried in same oven for several days and geopolymer sample (Si/Al=5) was obtained. The Si/Al ratio of 
the resulting geopolymer was controlled by additives, i.e. sodium aluminate was used for the geopolymer with Si/
Al=3 and sodium silicate was used for the geopolymer with Si/Al=7. The resulting geopolymers were character-
ized by XRD and TG-DTA, and were observed by SEM, and were analyzed by XRF and EDS. The porosity of the 
resulting geopolymer was measured by Archimedes method and nitrogen adsorption method (BET). 

As the geopolymerization, in other word, the dehydration polycondensation, proceeded, the sample shrank and 
naturally peeled off from the plastic beaker. The peeling off was observed after 1 day and 3day for the sample of 
Si/Al=3 and Si/Al=5, respectively. On the other hand, the sample of Si/Al=7 did not show the peeling off. Since 
this sample failed to retain the shape when kept in water, it was appeared that the geopolymerizaton of the sample 
of Si/Al=7 was insufficient. The apparent density of the sample of Si/Al=3 and Si/Al=5 was 2.35(9) and 2.25(1) 
g/cm3, respectively. Additionally, the open porosity of the sample of Si/Al=3 and Si/Al=5 was 21(8) and 23(3)%, 
respectively. These values were comparable to those of previously reported geopolymers prepared from metaka-
oline [2-4]. The bending strength of sample of Si/Al=5 was ca. 17 MPa. From the above results, it was suggested 
that natural zeolite (mordenite) could be used as raw material for the synthesis of geopolymer. 

[1] Davidovits J. (1991). GEOPOLYMERS Inorganic polymeric new materials. J. Thermal Anal., 37, 1633-1656. 
[2] Rovanik, P. (2010). Effect of curing temperature on the development of hard structure of metakaolin-based geopolymer. Constr. Build. 

Mater., 24, 1176-1183. 
[3] Steinerova, M. (2011). Mechanical properties of geopolymer mortars in relation to their porous structure. J. Ceram. Silikaty, 55, 362-372.
[4] Adres, F.G.M., Campos, T.M.B., Machado, J.P.B., Sakane, K.K., Thim, G.P., Brunelli, D.D. (2015). Effect of cure temperature on the 

formation of metakaolinite-based geopolymer. Ceram. Int., 41, 7302-7311.
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INTERCALATION BEHAVIOR OF PICOLINIC ACID INTO LAYERED 
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Layered double hydroxides (LDHs) are represented by the chemical formula M2+
1-xM

3+
x(OH)2A

n-
x/n·mH2O and are 

composed of octahedral M2+(OH)6 brucite-like layers, which are positively charged by the partial substitution of 
M3+ for M2+, and anions are intercalated into the interlayer to achieve charge neutrality [1]. Although LDHs show 
anion exchangeability, it has recently attracted attention that the ion exchange reaction of carbonate type LDH 
occurs in alcohol solvent [2]. The ion exchange reaction of organic compounds in alcoholic solvents by LDH is a 
very interesting phenomenon and numerous studies have been reported. For example, Kameshima et al. reported 
that acetylsalicylic acid can be intercalated into LDH most stably when tert-butanol is used as a solvent [3]. How-
ever, the mechanism of this reaction has not been fully revealed yet. 

Picolinic acid (PA) is an organic compound with the formula C5H4N(COOH). PA consists of a pyridine ring with 
a carboxylic acid substituent at the 2-position. PA is used as an intermediate product of medicines, and metal 
salts are used as supplements. PA dissolves well in alcohol, but it is difficult to dissolve in water, therefore, the 
ion-exchange reaction in an alcohol solution is suitable for obtaining the PA/LDH composite. In this paper, the 
intercalation behaviour of PA to interlayer of LDH was investigated in various alcohol solvents to synthesize PA/
LDH composites.

A commercially available LDH (DHT-6, Kyowa Kagaku Kogyo Co., Ltd.) was employed as the starting LDH 
(Mg/Al=3, CO3 type). PA alcohol solutions of 50 mM were prepared using methanol, ethanol, 2-propanol, 2-bu-
tanol and tert-butanol as solvent. The starting LDH (0.2 g) was added to the PA solution (100 mL) and reacted with 
the solution under stirring for 0.5 - 72 h at 30 - 80 °C. After then, the solid was separated by centrifugation and 
washed three times with each solvent. The resulting solid was dried at 50 °C overnight in an oven. The obtained 
sample was characterized by XRD, FT-IR and TG-DTA. 

PA intercalation to the interlayer of LDH did not occur in the case of using methanol and ethanol as solvent. In both 
solutions, LDH phase dissolved partially and unknown phase was observed in the case of ethanol. On the other 
hand, PA were successfully intercalated into the interlayer of LDH in the case of using 2-propanol, 2-butanol and 
tert-butanol as solvent. Although unknown phase was also observed in the case of 2-propanol and tert-butanol, no 
unknown phase was observed in the case of 2-butanol. Therefore, the most suitable solvent for synthesis of PA/
LDH composite is considered to be 2-butanol. 

About 2-butanol as a solvent, the ion exchange reaction progressed when a solution above 40 °C was used. When 
a solution at 40 to 60 °C was used, no ion exchange reaction occurred immediately after LDH dispersion. This 
phenomenon suggests that PA first undergoes deformation into a form suitable for ion exchange in solvent and then 
the ion exchange reaction proceeds. After a predetermined period of time, the intercalation of PA occurred. On the 
other hand, no initial period in which no ion exchange occurred was observed when a solution of 80 °C was used. 
The intercalated amount of PA increased with reaction time. As the reaction time got too long, an unknown phase 
was observed when a solution at 60 to 80 °C was used. 

As a result, ion exchange at 80 °C for 3 h using a 50 mM picolinic acid solution of 2-butanol resulted in a PA/LDH 
composite with the least unreacted LDH and no unknown impurity phase. 

[1] Carrado K.A., Kostapapas A. (1988). Layered double hydroxides (LDHs). Solid State Ionics, 26, 77-86. 
[2] Hayashi, A., Nakayama, H. (2011). Intercalation reaction of carbonate MgAl-layered double hydroxide using alcohol as solvent. Chem. 

Lett., 40, 276-278. 
[3] Kameshima Y., Shimizu S., Nishimoto S., Miyake M. (2014). Intercalation behavior of acetyl-salicylic acid to interlayer of hydrotalcite 

in various organic solvents. Clay Sci., 18, 63-70.



Scientific Research Abstracts
Vol. 7, p. 386, 2017
ISSN 2464-9147 (Online)
XVI International Clay Conference | ICC 2017 | Granada, Spain
© Author(s) 2017. CC Attribution 3.0 License

QUANTIFICATION OF OCTAHEDRAL IRON AND INTERLAYER 
POTASSIUM USING BASAL REFLECTIONS OF ILLITE 
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X-ray powder diffraction (XRD) was used as a basic tool for illite identification/quantification, expandability, 
polytype, and coherent scattering domain characterization [1]. However, XRD has not been extensively employed 
to evaluate chemical components of illite, even though XRD has economical and operational advantages as com-
pared with chemical analyses. Because X-ray scattering efficiencies of Si, Al, and Mg are similar, XRD intensities 
of illite are heavily dependent on Fe and K coordinated in octahedral and interlayer sites, respectively. This phe-
nomenon allows us to use XRD for Fe and K estimations. The goal of this study is to derive convenient equations 
for quantifying octahedral Fe and interlayer K using relative intensities of the illite basal reflections. For doing 
it, we adopted 002/005 and 003/005 ratios of illite according to three reasons. First, the 001 reflection is affected 
significantly by XRD instrumental geometries and preferred orientation. Second, the 004 reflection is too small to 
be compared with other reflections. Third, peak broadening originated from the Ka radiation doublet is dominant 
at higher order reflections than the 005 reflection. The layer structure factors of illite were computed for 0≤Fe≤0.4 
and 0.5≤K≤1.0 atoms per half-unit cell using CALCLPG2, a sub-program of MudMaster [2]. Atomic coordinates 
and temperature correction of atomic scattering factors followed the one-dimensional modelling scheme of Moore 
and Reynolds (1997) [1]. The Lorentz-polarization factor for random powders and the CuKα radiation (0.15418 
nm) were employed for computational simplification. As a result, the following equations were derived by regress-
ing the data set of illite basal reflections. 

CFe=(lnI002/005-1.807lnI003/005+1.29)/(1.241lnI003/005-3.843)

CK=-(lnI002/005+0.121lnI003/005-2.592)/(1.308lnI003/005+1.984)

The equations could be used to quickly estimate the contents of octahedral Fe (CFe) and interlayer K (CK) within ca. 
±0.05 atoms per half-unit cell, respectively, if incident radiation loss is minimized and basal reflection modification 
caused by expandable layers is eliminated. More details are described in Kang et al. (2004) [3].

[1] Moore, D.M., Reynolds, R.C. (1997). X-ray Diffraction and the Identification and Analysis of Clay Minerals. Oxford University Press, 
Oxford and New York, 2nd ed., 378 pp.

[2] Eberl, D.D., Drits, V., Środoń, J., Nüesch, R. (1996). MudMaster, A Program for Calculating Crystallite Size Distributions and Strain from 
the Shapes of X-ray Diffraction Peaks. U. S. Geological Survey, Open File Report 96-171.

[3] Kang, I.M., Moon, H.S., Song, Y., Kim, M.H. (2004). Equations for Quantifying Fe and K within the Illite Structure Using X-ray Powder 
Diffraction. Powder Diffraction, 19, 247-248. 
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EFFECT OF BENTONITE AND CALCIUM CARBONATE ON LEAD 
UPTAKE BY MAIZE GROWN IN A COARSE TEXTURED SOIL

Bocar a. diaLLo, antoinE karam*
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The excessive concentration of lead (Pb) in contaminated soils poses a serious threat to the environment. The 
phytoavailability of Pb in polluted sandy soils increases under acidic conditions. Mineral amendment such as 
clay minerals and calcium carbonate may mitigate Pb phytoavailability and toxicity. The aim of this study was to 
evaluate maize (Zea mays L.) uptake of Pb from a sandy soil spiked with lead nitrate (100 mg/kg) and treated with 
bentonite (0, 10, 20, 30 and 40 g/kg) and calcium carbonate (0, 10, 20 and 30 g/kg). The treatments were studied in 
a complete randomized design with three replications. The results were analysed by ANOVA and the standard error 
of differences was used to separate the means. Regression analysis was used to establish relationships between 
measured parameters. After corn harvest, soil pH ranged from 5.4 (without amendment) to 7.8 (highest bentonite 
and calcium carbonate rate). Shoot dry matter yield (stems or leaves) and Pb uptake were significantly affected 
by additions of bentonite and calcium carbonate. Compared with the control, the amendment rates generally de-
creased the contents of Pb in the aboveground biomass. Tissue Pb concentrations ranged from 22.1 (soil without 
amendment) to 5.1 mg/kg in stems and from 18.3 (soil without amendment) to 6.3 mg/kg in leaves. Bioaccumu-
lation ratio for Pb in stem biomass ([Pb]stem biomass/[Pb]soil) ranged from 0.31 in soil without amendment to 0.16 in 
soil treated with bentonite alone (highest rate) and to 0.09 in soil treated with calcium carbonate alone (highest 
rate). All treatments considered, the main effect of calcium carbonate rates on Pb uptake was more important than 
that of bentonite. A significant interaction on Pb uptake was obtained with bentonite and calcium carbonate rates. 
Concentration of Pb in stems was negatively correlated (p≤0.001) with soil pH (r=-0.628) and concentration of Ca 
in stems (r=-0.620). Bentonite can supply nutrients such as calcium, magnesium and potassium to the plant, and 
also provide sorption sites that have a strong affinity for Pb. The results suggest that bentonite and calcium carbon-
ate added to metal-contaminated sandy soil before plant seedling decreased the phytoextraction efficiency of Pb.
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Intercalation of clays, such as kaolinite, has been of considerable interest to develop materials with different rhe-
ological, surface and structural properties. Kaolinite intercalation and its application in polymer-based functional 
composites have attracted much attention, both in industry and in academia. It is explained by the fact that these 
materials frequently demonstrate remarkable improvements in desired properties as compared to the virgin poly-
mer or conventional micro and macro-composites [1]. A variety of inorganic and organic species can be used for 
intercalation of interlayer spaces of Kaolinite, including formamide [2,3], dimethylsulfoxide [4], methanol [5,6], 
urea [7], potassium acetate [8], aniline [9], and hydrazine [10]. Intercalation of small molecules into interlayer 
spaces of Kaolinite can be used as a preliminary expansion step permitting insertion of large-sized, non-reactive 
molecules by displacement intercalation methods. 

Lately, some studies have been conducted with the use of molecular simulation method to assess the intercalation 
of simple molecules in Kaolinite [11-13]. Simulation is useful because it allows a more detailed interpretation of 
experimental results, as well as it provides findings that cannot easily be derived from strictly experimental data. 
In the majority of cases, experimental observations alone cannot provide a clear picture of mechanism of molec-
ular intercalation process, or influences of intercalation on clay structure. On the other hand, quantum-chemical 
simulations can contribute to gaining information about intercalation phenomena on microscopic level. Despite 
previous studies exact organization and structure of molecular complexes in interlayer space and on the edges of 
Kaolinite in the process of delamination demands further studies. Nevertheless, application of DFT-simulation 
will enable to gain additional information on the character of chemical bonds and structural organization of the 
complex “Kaolinite - polar molecule”.

The paper considers studies of delamination processes of Kaolinite under its intercalation by polar organic com-
pounds. Structural and spectral characteristics of simple organic molecules under their adsorption on basal surfaces 
and edges of Kaolinite and in interlayer space have been studied by DFT simulation methods. Types of adsorption 
centers and character of chemical bonds in the system “Kaolinite-polar molecule” have been stated. Allocated po-
sitions of polar molecules determined by the peculiarities of basal surfaces of Kaolinite and presence of edge faults 
have been disclosed. Besides, conditions under which process of delamination of Kaolinite have been established.

 
This work is supported by the Grant of the President of Russian Federation No. 14.W01.17.2210-MK of 22.02.2017.
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Inorganic nanosheets obtained by exfoliation of a layered crystal have been attracting keen interest as novel nano-
material due to the anisotropic morphology with the thickness of 1 nm, maximum lateral width of several hundred 
μm. Recently, nanosheets dispersed in a solvent was found to show liquid crystal (LC) phase, which is called 
nanosheet liquid crystal (LC) [1]. Nanosheet LCs are potentially applicable for optical devices and composite 
materials with regulated structures. For the future applications, structural control of the LC phase in macroscopic 
to nanoscopic scales and the control of viscoelastic property are important. Although several nanosheet LCs have 
been reported so far, development of new materials of nanosheet LCs is important to further clarify the fundamen-
tal aspects and future applications.
Among several nanosheet LCs, clay minerals are rich in resources, environmental friendly, harmless and biocom-
patibile. Although clay minerals have been investigated for many kinds of applications for long time, there had 
been few reports on liquid crystal phases until the recent reports [2,3]. In this study, the LC phase of a natural clay 
mineral montmorillomnite (MMT) was identified and its viscoelastic property and structure was investigated by 
dynamic mechanical analysis (DMA) and small angle X-ray scattering (SAXS).
MMT nanosheets with the thickness of 0.9 nm and the average lateral size D of 540 nm, measured by dynam-
ic light scattering, were obtained by dispersing the MMT powder (Kunipia-F from Tsukinuno, Japan) in water 
and removing impurity. Exfoliation into single layers was confirmed by atomic force microscope (AFM). MMT 
colloid showed LC phase with huge oriented domains of several cm at 2 wt%. The formation of large domain is 
highlighted as an important feature of the present system, distinguished from other clay and oxide nanosheet LCs 
already reported. At 3 wt% and above, the domain size was reduced and the colloid became a physical gel. In DMA 
analysis of the 3 wt% sample, G’ (storage elastic modulus) was larger than G’’ (loss elastic modulus) when strain is 
smaller than 160%, indicating that the sample is physical gel but it flows with large mechanical strain. At below 2 
wt%, G’<G’’ even at small strain, indicating the sample is always flowing. The 2 wt% sample shows intermediate 
behavior. In the SAXS analysis, peaks due to highly regulated lamellar structure with the basal spacing d = 60.0 
nm were observed at 2 wt%. The structure order decreased at more than 3wt% and the d value decreased to 56.6 
nm at 3 wt% and 35.0 nm at 4 wt%. The isotropic sample (1 wt%) also showed the peaks at d = 82 nm, indicating 
that the structural order is present only very locally.
In order to investigate the influence of particle size of the nanosheets, samples with average particle sizes D = 420 
and 370 nm were also prepared by ultrasonication of the colloid for different duration. The critical concentration 
for isotropic to LC phase transition was 3 wt% for D = 370 nm, while it was 2 wt% for D = 540 and 420 nm. 
The threshold concentration for the formation of huge orientation domain and sol-gel transition also increased. 
In DMA analyses, the viscosity decreased as the particle size decreased, and the strain for sol-gel transition also 
decreases. In the SAXS analysis at 2 wt% and below, basal spacing increased as the particle size decreased for the 
samples. In contrast, the basal spacing did not depend on the size at 3 wt% and above. In addition, structure order 
also increased as particle size decreased. With the average particle size of 370 nm at 4 wt%, higher order peak up 
to seventh one was observable, indicating very highly ordered structure. Michot et al. [4] have already investigated 
the LC phase and rheological properties of the colloid of natural montmorillonite from Wyoming with the aver-
age size of 410 nm. While the sol-gel transition concentration is almost consistent, isotropic-LC phase transition 
concentration is higher (3 wt%) than the present system. The effect of chemical composition and other factors is 
worth investigated in detail.

Acknowledgment: this research was supported by KAKENHI (#24104005 and #15K05657); Canon Foundation; Network Joint Research 
Center for Materials and Devices; and Strategic Research Foundation Grant-aided Project for Private Univ. from MEXT.

[1] Miyamoto N., T. Nakato (2012). Israel J. Chem. 52, 881.
[2] Michot L.J., I. Bihannic, S. Maddi, S.S. Funari, C. Baravian, P. Levitz, P. Davidson (2006). Proc. Nat. Acad. Sci. 103, 16101.
[3] Miyamoto N., H. Iijima, H. Ohkubo, Y. Yamauchi (2010). Chem. Commun., 46, 4166.
[4] Michot L.J., I. Bihannic, K. Porsch, S. Maddi, C. Baravian, J. Mougel, P. Levitz (2004). Langmuir 20, 10829.



Scientific Research Abstracts
Vol. 7, p. 390, 2017
ISSN 2464-9147 (Online)
XVI International Clay Conference | ICC 2017 | Granada, Spain
© Author(s) 2017. CC Attribution 3.0 License

THE ROLE OF MOLECULAR INTERACTIONS ON THE MACROSCALE 
PROPERTIES OF SWELLING CLAYS: A MULTISCALE MODELING 
APPROACH

r. katti dinEsh*, s. katti kaLpana

North Dakota State University, Fargo, North Dakota, 58108, United States of America 
*dinesh.katti@ndsu.edu

Swelling clays or expansive clays are found in various parts of the world. Due to swelling action and the related 
swelling pressure when constrained, these clays can cause enormous damage to the infrastructure, which is esti-
mated to be between 13 and 20 million dollars in the United States alone. These clays are also used as barrier ma-
terials for environmental engineering applications, as drilling muds in petroleum extraction and as drug delivery 
carriers in the pharmaceutical industry. The predominant clay minerals in swelling clays are typically Smectite 
group of clay minerals with montmorillonite clay mineral being very common.

In our research, multiscale modeling and experimental approaches are used to bridge the molecular interactions 
between Na-montmorillonite clay and fluids to the evolution of the clay microstructure and the macroscale prop-
erties of the clay. This paper describes the significant role of molecular interactions on the macroscopic properties 
of swelling clays.

The authors have developed a multiscale approach that includes molecular dynamics, steered molecular dynamics 
and discrete element modeling tightly integrated with experiments at various length scales to elucidate the key 
mechanisms that influence macroscale properties of swelling clays that include swelling, swelling pressure, per-
meability, compressibility, etc. The molecular models of Na-montmorillonite clay developed and used in our stud-
ies mimic SWy-2 from the Clay Minerals Society and correspond to the clay used in the experiments [1,2,3]. The 
molecular dynamics simulations are used to evaluate the mechanical response of the clay with various levels of 
hydration and the relationships between binding interaction energies [4], interlayer swelling, and exfoliation. Long 
molecular dynamics simulations are used to evaluate fluid flow into the interlayer and for identifying the associated 
mechanisms [5]. Discrete element modeling simulations describe the role of particle breakdown on swelling and 
swelling pressure [6]. Molecular dynamics simulations of clay with fluids with a wide range of dielectric constants 
[7] along with experiments further illustrate the key role of molecular interactions between clay and fluids on the 
macroscale properties [8]. Our results indicate that the molecular interactions alter the clay microstructure. The 
molecular interactions between the clay and fluids along with the altered microstructure influence the macroscale 
properties of swelling clays.

[1] Katti D., Schmidt S., Ghosh P., Katti K. (2005). Modeling the response of pyrophyllite interlayer to applied stress using steered molecular 
dynamics. Clays and Clay Minerals 53 (2), 171-178.

[2] Schmidt S.R., Katti, D.R., Ghosh P., Katti K.S. (2005). Evolution of mechanical response of sodium montmorillonite interlayer with 
increasing hydration by molecular dynamics. Langmuir 21 (17), 8069-8076.

[3] Katti D.R., Ghosh P., Schmidt S., Katti K.S. (2005). Mechanical Properties of the Sodium Montmorillonite Interlayer Intercalated with 
Amino Acids. Biomacromolecules 6 (6), 3276-3282.

[4] Pradhan S.M., Katti K.S., Katti D.R. (2015). Evolution of molecular interactions in the interlayer of na-montmorillonite swelling Clay 
with increasing hydration. International Journal of Geomechanics 15 (5).
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Use of tissue engineered scaffolds has shown much promise in regenerative medicine, in particular for develop-
ment of tissues and organs. Extensive materials and scaffolds design and manufacturing routes are undertaken 
for filling small and large defects. Tissue engineered approaches are particularly promising for large bone defect 
rehabilitation. Smectite clays have been used in biomedical applications for wound healing. We have made use 
nanoclays for tissue engineering applications for bone regeneration [1]. We have developed novel nanoclay based 
polymer nanocomposites using amino acid modification of the nanoclay [2]. This nanocomposite scaffold system 
presents an environment for bone cells and mesenchymal stem cells to grow and proliferate [3]. The nanoclay gal-
leries in montmorillonite nanoclay are modified with amino valeric acid. This amino acid nanoclay is further used 
to mineralize hydroxyapatite. The mineralization of hydroxyapatite assisted by amino acids was found to be bio-
mimetic, with characteristics of biomineralization, as indicated by morphology and mineralogy of the mineralized 
hydroxyapatite. In addition, on seeding the scaffolds made using the nanoclay with biomineralized hydroxyapatite 
and polycaprolactone, with human mesenchymal stem cells, we observe vesicular delivery of mineral packets to 
extracellular space initiating the biomineralization of hydroxyapatite and formation of mineralized collagen in the 
extracellular matrix [4]. In addition, the stoichiometry of the observed hydroxyapatite inside the vesicles is found 
to be fetal bone-like indicated by Ca/P rations much less than those seen for mature bone. This our material system 
and scaffold design using modified nanoclays is an excellent system for bone development. 

Interestingly, many cancers metastasize to bone and the unique bone microenvironment represents a very attractive 
niche for cancer cells to migrate to and proliferate. During cancer progression, cancer cells often invade into and 
migrate to distant organs and form 3D organized colonies through mechanisms of metastasis. Prostate and breast 
cancer cells are specifically inclined to metastasize to bone. The process occurs in two unique steps. The first 
involving an epithelial to mesenchymal transition causing cancers to enter into blood stream. The second stage 
involves a mesenchymal to epithelial transition with cancer cells reaching a remote location, such as bone and 
colonizing there. The nanoclay based tissue engineered scaffolds and the humanoid bone creation on these scaf-
folds using human mesenchymal stem cells is used to culture prostate and breast cancer cells [5]. A new sequential 
culture method is presented wherein, human mesenchymal stem cells differentiate and create bone-like tissue 
which is used to culture human prostate and human breast cancer cells. The metastasis stage of cancer progression 
is thus enabled in vitro using tissue engineering regenerative medicine approaches. We observe formation of tight 
tumoroids on the scaffolds We report detailed microstructural, spectroscopic and gene analysis of the tumors. The 
various stages of metastasis are often well marked by over and under expression of specific genes. Gene expres-
sion studies o indicate genetic changes to cancer cells from qRT-PCR experiments suggest the development of 
the mesenchymal to epithelial transition, or the second stage of metastasis of cancer development in the tumors 
formed. Biomineralization in the nanoclay galleries is thus used to develop the unique microenvironment of bone 
that draws cancer cells to it. The biomimetic nanoclay based scaffold system presented here represents an excellent 
bone-mimetic environment for study of tumor formation and cancer metastasis to bone. 

[1] Katti K.S., Katti D.R., Dash R. (2008). Synthesis and characterization of a novel chitosan/montmorillonite/hydroxyapatite nanocomposite 
for bone tissue engineering. Biomedical Materials 3, 034122.

[2] Ambre A.H., Katti D.R., Katti K.S. (2013). Nanoclays mediate stem cell differentiation and mineralized ECM formation on biopolymer 
scaffolds. Journal of Biomedical Materials Research Part A 101, 2644-2660.

[3] Ambre A.H., Katti D.R., Katti K.S. (2015). Biomineralized hydroxyapatite nanoclay composite scaffolds with polycaprolactone for stem 
cell-based bone tissue engineering. Journal of Biomedical Materials Research Part A 103, 2077-2101.

[4] Katti K.S., Ambre A.H., Payne S., Katti D.R. (2015). Vesicular delivery of crystalline calcium minerals to ECM in biomineralized nano-
clay composites. Materials Research Express, 2, 8.
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Bentonites will be used as so called geotechnical barrier surrounding metal canisters containing high-level radio-
active waste (HLRW). They should isolate the canister from the host rock and hence be as stable as possible. The 
metal canister will be hot which accelerates chemical and mineralogical reactions taking place in the bentonite. 
Moreover, bentonite was found to play a role concerning the corrosion of the metal canister which is one of the 
most important barriers in these waste repository concepts. The interaction of bentonite and iron was, therefore, 
investigated systematically, based on 38 well characterised bentonites (Kaufhold et al., 2015). The bentonites 
were used both in their natural state (natural cation population) and after saturation with Na and Ca, respectively. 
All bentonite samples were contacted with a precisely weighed iron pellet at 60 °C in a glove box. Bentonite and 
iron pellet were separated after 5 months. The extent of the corrosion was quantified by measuring the weight loss 
of the iron pellets. Most of the samples showed greenish colour after terminating the test which can be probably 
related to the formation of iron-silicates. Various studies reported on the formation of berthierine (the Fe analogue 
of kaolinite) or chlorites at higher temperatures. The formation of a 1:1 phase was confirmed in a separate test 
especially designed to produce significant amounts of the corrosion product (Kaufhold et al., 2015). 

The extent of the corrosion of the pellets was compared with the bentonite properties. First of all the role of the type 
of counterion was identified. Most of the Ca/Mg dominated bentonites showed slightly more corrosion (weight 
loss of the pellets) as compared to most of the Na dominated bentonites. This can be explained by the density of 
the gels which formed in the laboratory test reactors. Ca bentonites mixed with water yield comparably dense gels 
which results in a larger number of smectite particles at the iron bentonite interface. This effect, however, has to 
be elucidated further. The most interesting and relevant result was found when considering Na bentonites and Ca/
Mg bentonites separately. Both samples sets revealed the role of the layer charge density (determined by the alky-
lammonium method; Fig. 1). In conclusion, low layer charge densities lead to increased corrosion. Intermediate to 
high charged smectites can be used to decrease the corrosion rate. 
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Fig. 1. Comparison of the layer charge density with the mass loss of the iron pellets of the Na-bentonite series (left) and of the Ca-bentonite 
series (right), Kaufhold et al. (2015).

[1] Kaufhold, S., Sanders, D., Dohrmann, R., Hassel, A. W. (2015). Fe corrosion in contact with bentonites. - Journal of Hazardous Materials, 
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Large scale deposition tests are conducted to identify possible bentonite alteration mechanisms and to be able to 
assess the long term behaviour of bentonites in geotechnical barrier systems. Bentonite is mostly used in com-
bination with granite or other crystalline host rocks to prevent fluid migration. Such systems were and are tested 
in the underground laboratories in Äspö (Sweden) and Grimsel (Switzerland). In most of the large or even real 
scale tests Mg accumulation was found at the contact to the heater. Both infrared and X-ray diffraction revealed a 
certain extent of trioctahedralisation. Neither the mechanism nor the reasons for the existence of this reaction are 
understood so far. Notably, this reaction has been observed both at the bentonite-Fe and bentonite-Cu interface. For 
modelling the long term performance of bentonite in HLRW repository systems this reaction has to be understood. 
In principle two different reactions could lead to the trioctahedralisation. On the one hand dioctahedral smectites 
could dissolve and precipitate as triocthaedral smectites - a process which would be driven by a larger formation 
energy of saponite compared with montmorillonite/beidellite. On the other hand Mg could be added to the smectite 
structure similar to the process described by Hofmann & Klemen [1] and Greene-Kelly [2]. A dehydrated cation 
can migrate through the tetrahedral sheet finally residing in the vacancies of the octahedral sheet. 

Many such studies were conducted with Li but Mg was rarely taken into account. Therefore, Kaufhold et al. [3] 
compared the interaction of different bentonites/smectites with Li and Mg under various conditions. A set of 
eight samples with varying portion of tetrahedral charge were saturated with both Li and Mg, respectively. The 
samples were stored at different temperatures for different times in both dry and wet environments. The CEC was 
determined before and after cation saturation and after storing at varying conditions. A significant CEC decrease 
was found for Li- and Mg saturated samples after heating at 250 °C under dry conditions. This CEC reduction 
depended on the portion of tetrahedral charge and was smaller for Mg samples compared with Li samples. This 
result demonstrated that it is much more difficult for Mg to enter the octahedral vacancies compared to Li. This can 
be explained by the larger hydration energy and/or slightly larger radius. However, a positive relation of the CEC 
reduction with the portion of tetrahedral charge was found in both cases (Li and Mg) which indicated a similar 
process behind the CEC reduction. Mg residing at the bottom of the pseudohexagonal holes would not explain this 
relation. The important result with respect to understanding HLRW bentonite performance is that i) Mg fixation 
can occur apart from dissolution/precipitation processes, ii) Mg fixation only occurs under dry conditions and iii) 
that Mg fixation can act as a sink for Mg hence leading to Mg diffusion towards the heater. The results of the pres-
ent study, however, do no explain different extents of Mg accumulation and trioctahedralisation observed in the 
different deposition tests. Accordingly further laboratory studies are required to identify all relevant parameters. 
As an example, dissolution/precipitation processes could occur along with the above discussed solid state reaction. 

[1] Hofmann, U. and Klemen, R. (1950). Verlust der Austauschfähigkeit von Lithiumionen an Bentonit durch Erhitzung. Z. Anorg. Allg. 
Chem., 262, 95-99.

[2] Greene-Kelly, R. (1952). A Test for Montmorillonite. Nature, 170, 1130-1131.
[3] Kaufhold, S., Dohrmann, R., Ufer, K. (2017). Interaction of Magnesium cations with dioctahedral smectites under HLRW repository 

conditions. - Clays and Clay Minerals - accepted manuscript.
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Bentonite has been used as a barrier material in waste disposal due to the high swelling and cation exchange ca-
pacity of montmorillonite (MMT), which is the main component mineral. Sodium type bentonite is expected to be 
used in the geologic disposal of radioactive waste. Replacement of the interlayer Na+ by other cations, however, 
induces change in the swelling behaviour of MMT. In the both ordinal and radioactive waste disposal, NH4

+ would 
be respectively produced by protein degradation and nitrate reduction and may contact with Na-MMT. NH4

+ would 
replace the interlayer Na+ in Na-MMT to form NH4-MMT, but swelling behaviour of NH4-MMT has not been well 
known.

To understand the swelling behaviour of NH4-MMT, the expandability of monovalent homoionic MMTs such as 
Na-, K-, Cs-, Rb- and NH4-MMTs were investigated by XRD under controlled relative humidity (RH). Molecular 
dynamics (MD) calculations were also conducted to compare their expansion behaviours.

At low RH (0-20%), Na- and K-MMTs kept phase without water layer, although NH4-, Cs- and Rb-MMTs ex-
panded to one-water layer with larger basal spacing. Traditionally, the expansion behaviours are almost explained 
based on ionic radius and hydration energy of interlayer cation. However, the difference in expansion behaviour 
between NH4- and K-MMTs could not be explained because ionic radius and hydration energy of NH4

+ and K+ are 
almost same.

To clarify the difference, the classical MD simulation was conducted to describe the mixing enthalpy of MMT / 
water molecules system by including the number of interlayer water molecules as a variable. The potential func-
tions and parameters of MMT and water molecules proposed by Nakano & Kawamura (2006) and Suzuki & Ka-
wamura (2004) were employed in this study. Parameters on NH4

+ were determined to reproduce NH4Cl structure 
based on the distance between nitrogen and hydrogen atoms by IR spectrum. The mixing enthalpy was used as an 
index to evaluate the swelling state stability. To consider the RH effect, the mixing enthalpy (Hmix) was calculated 
by Hmix = H (MMT + nH2O) - (HMMT + nµH2O), where the chemical potential of water, µH2O, includes the effect of RH by 
µH2O = µ0 + RTln(P/P0) (µ

0: standard chemical potential, R: gas constant, T: temperature, P/P0: partial pressure of 
water). In this study, n = 0 to 20 water molecules were added to homoionic MMT to understand the different expan-
sion behaviour of each monovalent homoionic MMT under different RH conditions. Series of calculated mixing 
enthalpy can explain the difference in expansion behaviour of different homoiconic MMT.

In the NH4-MMT system, the hydrogen bond between hydrogen in NH4
+ and surface oxygen on MMT was con-

firmed. These hydrogen bonds make large basal spacing of NH4-MMT rather than that of K-MMT at dehydrated 
condition. This difference leads hydration of NH4-MMT at low RH condition, because the expansion of MMT 
occurs when hydration of interlayer cation exceeds the electrostatic attraction between silicate layer and interlayer 
cation. Therefore, there is difference in the expandability between NH4- and K-MMTs at low RH.

This study was partly funded by the Ministry of Economy, Trade and Industry of Japan through “The project for 
validating assessment methodology in geological disposal system” in JFY 2016.

[1] Nakano M., Kawamura K. (2006). Adsorption Sites of Cs on Smectite by EXAFS Analysis and Molecular Dynamics Simulations. Clay 
Science 12 Supplement 2, 76-81.

[2] Suzuki S., Kawamura K. (2004). Study of Vibration Spectra of Interlayer Water in Sodium Beidellite by Molecular Dynamics Simula-
tions. The Journal of Physical Chemistry B, 13468-13474.
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In this study, dielectric properties of polyvinylchloride (PVC)-Pristine Bentonite composites were investigated 
as a function of PVC loading. The composites were prepared by solution mixing technique with 1 g of bentonite 
suspension in 30 mL of chloroform solution, by adding PVC dissolved in 20 mL of chloroform. The resulting 
PVC-Pristine Bentonite mixture was filtered, the solid portion was allowed to stand at room temperature vacuum 
drying. Dielectric spectroscopy was carried out 1Hz-1MHz. It was observed that reel permittivities (ε') of samples 
were decreased with increase of PVC loading. Loss factor (tand) was shifted to the low frequencies according to 
Pristine Bentonite. Infrared spectra of samples were measured and results were supported by infrared spectros-
copy. As a result, at low PVC loading, clay-PVC interaction increased and dielectric permittivities of composites 
decreased relative to pure bentonite. 
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CLAY PHASES IN TAILINGS: HERITAGE OF PAST ORE EXTRACTION 
AND PROCESSING - TWO CHILEAN EXAMPLES
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Instituto de Geología Económica Aplicada (GEA), Universidad de Concepción, Concepción, Chile

The reprocessing of tailings is often undertaken for recovery of elements not part of former ore treatment, and 
at the same time to relocate tailings in an environmentally more acceptable location complying with ever more 
stringent environmental regulations. As opposed to the original ore deposits, secondary tailings “ore bodies” may 
represent very reactive environments with mineral degradation still ongoing several decades after their deposition. 
In order to understand this reactivity it is important to understand any comportment of ore and gangue distinct from 
the primary deposit mineralogy, to examine historic processing records, mine exploitation registers and mineral-
ogy, as well as to understand impoundment operation together with its climatic and hydrologic conditions. These 
records are often incomplete, in particular for sites in operation well over half a century ago.

Here, mineralogical (including clay size fractions) and granulometric characterization is presented of two historic 
tailings deposits generated from a Cu-Mo porphyry copper and a polymetallic skarn deposit, processed over eight 
and two decades ago respectively. Characterizations are part of a study to evaluate element mobilization within 
the impoundments and early stage identification of potential mineralogical differences with respect to primary ore 
flotation or leaching. Sampling was carried out on drill cores or purpose cut excavations.

For the porphyry copper tailings, unimodal grain size distributions correspond to the finest tailings sediments with 
P80 of average 24 µm, 130 µm for bimodal and 207 µm for trimodal distributions; the latter <5% of the samples. 
Undamaged core samples have clay contents (<2 µm content) of 11%, whereas disintegrated core sections contain 
on averages <7% clay fraction. Clay phases, illite/muscovite, biotite, chlorite are present throughout the cores 
whereas smectite and kaolinite are predominantly found in the deepest parts of the impoundment corresponding to 
extraction points once located in secondary sulphide mineralization, now almost completely exploited. Biotite-ver-
miculite interlayered phases are likely to come from the ore deposit and do not respond to secondary alteration. 
Changes in flotation conditions (acid-alkaline flotation) can be monitored by pyrite content. Presence of molyb-
denite in the <2 µm fraction is enhanced by ultrasound treatment of clay size fraction samples. Chalcanthite and 
jarosite are the dominant secondary minerals together with newly formed gypsum.

For the skarn tailings similar observations apply with respect the grain size distribution as for the porphyry copper 
tailings, however clay phases (illite-muscovite, biotite, chlorite, chlorite-biotite regular mixed layer, smectite, ka-
olinite, minor pyrophyllite) do not no represent any vertical stratification but rather reflect the blending of several 
ores and market dependent processing by selective flotation. Iron-hardpan formation occurred in the upper parts 
of the tailings. Climatic conditions, such as high wind speeds result in fast drying of tailings once deposited, thus 
secondary phases like jarosite are best preserved in microenvironments of sediment agglomerates protected from 
fast drying.
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CLAY MINERAL DATING OF THE SRONLAIRIG FAULT, SCOTTISH 
HIGHLANDS
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The Glendoe Hydro Scheme, above Loch Ness in the Highlands of Scotland, represents the UKs first major 
hydroelectric scheme in more than 50 years and generates ~180 GWh electricity/year. Temporary excavations 
during the project construction, at the southern end of the dam plinth, exposed a homogeneous red/green clay-rich 
fault gougein a host-rock of Dalradian psammite locally veined with granite. Those excavations coincidedwith 
the mapped trace of the subvertical Sronlairig Fault, a featurerelated in part to the Great Glen and Ericht-Laidon 
faults, andwhich is understoodto result from brittle deformation during the Caledonian orogeny in late Silurian 
to Devonian times (c. 420-390 Ma). These large-scale NE-SW to NNE-SSW-trending faults offset and modified 
the pre-existing ductile structures, lithostratigraphy and post-tectonic granitic intrusions and locally control the 
orientation of the valleys and lochs [1]. The Sronlairig Fault is interpreted as a major synthetic R-type shear that 
branches off the Glen Buck Fault, exhibits a clear sinistral offset, and displaces the Eilrig Shear Zone by 5 km [2].

Numerous recent studies have highlighted the potential to constrain the timing of fault gouge formation by the 
isotopic dating of authigenic clay minerals [3]. Three samples of the fault gouge were collected. Quantitative 
powder and <2 µm oriented mountX-ray diffraction (XRD)analysis indicate mica-dominated assemblages, suit-
able for K-Ar dating techniques. In order to constrain the timingof fault formation, a series of fine size-separates 
(2-0.2, 0.2-0.1, 0.1-0.05 and <0.05 µm) were isolated prior to K-Ar analysis and further, detailed XRD analysis to 
distinguish and quantify different mica polytypes. Novel, capillary encapsulation and analysis in a high intensity, 
parallel X-ray beam was employed to identify diagnostic peak positions, intensities and widths.

Coarser size-fractions are composed of greater proportions of 2M1, detrital illite. Finer size-fractions show increas-
ing proportions of 1M, authigenic illite with no evidence of detrital 2M1 polytypes in the finest fractions. A range 
of approaches were trialled to quantify the illite polytypes including WILDFIRE-modelling. However, corrected 
peak area measurements following the guidelines of [4] proved most effective. A series of Illite Age Analysis 
Plots [5] were produced, plotting the proportion of the 2M1 polytype (±5% error bars) against the function exp(λt)-1. 
Excellent R2 values of >0.97 were obtained with a predicted mean authigenic mica/illite age of 145 Ma (Jurassic/
Cretaceous boundary) and a detrital mica/illite age of 296 Ma (Carboniferous/Permian boundary).

The Carboniferous/Permian boundary age for the detrital illite suggests that the Sronlairig Fault is responding 
with other structures in this region to the WNW(NW)-ESE(SE) extension which becomes important for basin 
development and oil migration in the Pentland and Moray Firth regions [6]. The Jurassic/Cretaceous boundaryage 
for the authigenic illite corresponds with basin development in the Moray Firth Basin and where the Great Glen 
Fault and related structures may act to partition active extension in the Moray Firth region from relative inactivity 
in the Pentland Firth area [6,7]. These new age dates record the long-lived activity on the Great Glen Fault Zone, 
particularly so in post-Caledonian times with no isotopic evidence for younger tectonic overprints.

[1] Phillips E.R, Boston C.M. (2013). Bedrock Geology and Physiography of the Monadhliath Mountains. Quaternary Research Association, 
Field Guide to the Monadhliath Mountains, 3-8.

[2] Stewart M., Strachan R.A., Holdsworth R.E. (2010). Structure and early kinematic history of the Great Glen Fault Zone, Scotland. Tec-
tonics, 18(2), 326-342.

[3] Zwingmann, H. 2014. K-Ar/40Ar/39Ar dating - Clays and Glauconites. - In Rink, W.J., Thompson, J.W. (Eds.) Encyclopedia of Scientific 
Dating Methods, Springer-Verlag, Berlin-Heidelberg, http://www.springerreference.com/index/chapterdbid/358998.

[4] Callière S., Henin S, Rautureau M.(1982). Minéralogie des Argiles. Paris: Masson. 421 p.
[5] Pevear, D.R. (1999). Illite and hydrocarbon exploration. Proceedings of the National Academy of Sciences, 96, 3440-3446.
[6] Dichiarante, A.M., Holdsworth, R.E., Dempsey, E.D., Selby, D., Mccaffrey, K.J.W., Michie, U.M., Morgan, G., Bonniface, J. (2016). New 

structural and Re-Os geochronological evidence constraining the age of faulting and associated mineralization in the Devonian Orcadian 
Basin, Scotland. Journal of the Geological Society, 173(3), 457-473.

[7] Thomson, K., Underhill, J.R., (1993). Controls on the development and evolution of structural styles in the Inner Moray Firth Basin. Pe-
troleum Geology of Northwest Europe: Proceedings of the 4th Conference (edited by J.R. Parker). Petroleum Geology Conferences Ltd. 
Published by the Geological Society, London.
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IRON UPTAKE CHARACTERIZATION OF CLAY MINERALS COMBINING 
AB INITIO CALCULATIONS AND XAFS SPECTROSCOPY STUDIES
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Clay minerals can irreversibly bind metals in waste and soil matrices under mildly acidic to basic pH conditions. 
Their ability to retain radionuclides is extensively used in various concepts for the geological disposal of high level 
radioactive waste (HLW). In the Swiss concept for HLW, for example, spent fuel and vitrified radioactive waste 
will be encapsulated in thick walled steel containers (0.25 m) surrounded by compacted bentonite which contains 
~75 wt.% montmorillonite. It is expected that the corrosion of the steel disposal casks under anoxic conditions 
will start after the re-saturation of the bentonite buffer. It is estimated that after about 10’000 years of the post dis-
posal canisters will corrode through and a slow process of radionuclides release will start. Due to corrosion, large 
quantities of Fe will be present in the repository near field that might influence the in situ repository conditions and 
the retardation of radionuclides. It has been shown experimentally that the presence of ferrous iron in the system 
reduces the uptake of the radionuclides on montmorillonite due to sorption competition [1]. Additionally, the sorp-
tion of Fe itself at clay minerals can substantially be enhanced by structural ferric iron due to redox processes [2]. 
Therefore, a comprehensive knowledge of the processes at the clay-water interface is required [3].

It has been demonstrated that the combination of X-ray absorption fine structure (XAFS) spectroscopy techniques 
and ab initio calculations is a promising tool for the investigation of complex environmental systems at the atom-
istic level. The data analysis of XAFS spectra allow in the best cases determining the nature of the surface com-
plexes formed at clay mineral edge sites. Molecular simulations based on density functional theory are suitable 
to ascertain the preferential occupation sites of the clay particles and to serve as the basis for the interpretation of 
XAFS data analysis [4].

In this study, Fe K-edge XAFS measurements on Fe-bearing montmorillonite was interpreted applying ab initio 
calculations to gain insights of the structural environment of iron present in different oxidation states and at distinct 
crystallographic sites in montmorillonite. Such information is essential for understanding the mechanism of the ox-
idative uptake of iron (Fe2+

aq → Fe3+
surf) by clay minerals. The calculated extended X-ray absorption fine structure 

(EXAFS) and X-ray absorption near edge structure (XANES) spectra of structural Fe3+ and Fe2+ in montmorillonite 
were obtained on the basis of the ab initio molecular dynamics simulations. The calculated spectra were compared 
with the spectroscopic measurements. The comparison confirmed that montmorillonite incorporates iron in Fe3+ 
state. The analyses of the lattice energies of the substituted Fe in montmorillonite suggested that Fe2+→Fe3+ redox 
reaction may occur between the Fe atoms adsorbed on the surface and incorporated structurally into the bulk.

[1] Soltermann D., Marques M.F., Baeyens B., Brendlé J.M., Dähn, R. (2013). Competitive Fe(II)-Zn(II) uptake on a synthetic montmoril-
lonite. Environ. Sci. Technol., 48, 190-198.

[2] Soltermann D., Fernandes M.M., Baeyens B., Dähn R.; Joshi P.A., Scheinost A.C., Gorski C.A. (2014). Fe(II) uptake on natural montmo-
rillonites. I. Macroscopic and spectroscopic characterization. Environ. Sci. Technol., 48, 8688-8697.

[3] Hofstetter Th.B., Sosedova Y., Gorski C., Voegelin A., Sander M. (2014). Redox properties of iron bearing clays and MX-80 bentonite - 
Electrochemical and spectroscopy characterization. NAGRA Technical Report 13-03, Wettingen, Switzerland

[4] Churakov S.V., Dähn R. (2012). Zinc adsorption on clays inferred from atomistic simulations and EXAFS spectroscopy. Environ. Sci. 
Technol., 46, 5713-5719.
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KAOLINITE AND BENTONITE AS AMENDMENTS IN STABILIZATION/
SOLIDIFICATION OF POLLUTED SEDIMENT - LONG-TERM 
ASSESMENT
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Clays and modified clays, as aluminosilicate agents, can be used for the treatment of wastes as they contain ad-
ditives to control hydration. Chemical stabilization is caused by adsorption, chemisorption or incorporation of 
contaminants into the crystal structure of mineral agents.

This method is commonly used for the treatment of wastes with high water content. Similar to the application 
of cement, clay binds water and creates a solid form. This method is applicable to wastes containing high con-
centration of dissolved salts and organic contaminants. The physical characteristics of the waste treated this way 
are suitable for compact storage and maximum utilization of space in the landfill. In this research kaolinite and 
bentonite, together with a certain proportion of lime, were used for stabilization/solidification (S/S) treatment of 
sediment polluted with toxic metals. 

These originate from Great Backa Canal which is considered as one of the most polluted reservoirs in Europe.

Samples were created using 30% of clay (both kaolinite and bentonite) and 10% of lime (K30L10 and B30L10). 
After compaction and mixing, samples were withdrawn for testing metal leaching after 7 and 28 days (period of 
maturing), and after 7 years. Leaching of metals was examined using the toxicity characteristic leaching procedure 
(TCLP test) [1] and the German standard leaching test-(DIN 3841-4 S4) [2].

X-ray diffraction (XRD) and scanning electron microscope (SEM) analyses were also performed on the prepared 
monolithic matrices.

Results indicated successful S/S treatment using both clays and lime, from the aspect of all tested metals. None 
of the metal concentrations, for all three time periods exceeded proposed regulatory limits. However, metal con-
centrations in theleachate were not uniform due to variable pH and aging. Differences were also noticed between 
different clay treatments, possibly due to differences in their structure and physical-chemical properties. Structural 
microanalysis indicated the formation of dense matrices over time, with thepresence of micro cracks over long 
period of time. Overall our results indicated that clays, in this kind of remediation procedure can be considered 
successful for environmental applications.

Acknowledgement: this work has been produced with the financial assistance of the Ministry of Education, Science and Technological De-
velopment of the Republic of Serbia (III43005 and TR37004) and Provincial Secretariat for Higher Education and Scientific Research, AP 
Vojvodina (project No. 114-451-2249/2016-01). The authors would like to thank BioSense Institute from Novi Sad, Serbia, for the use of meas-
urement equipment and data analysis as well as to Goran Kitic, PhD for his dedicated support and assistance. Also authors would like to thank 
Prof. Srdjan Rakic, Department of physics, Faculty of Sciences, Novi Sad for his assistance in performing X-ray diffraction measurements.

[1] USEPA, Toxicity characteristic leaching procedure, method 1311 (2002), available at: www. EPA.gov/SW-846/1311.pdf.
[2] DIN 38414-4, (1984) Teil 4: Schlamm und Sedimente, Gruppe S., Bestimmung der EluierbarkeitmitWasser S4, BeuthVerlag, Berlin.
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ALKALI ACTIVATION OF PURE CALCINED MONTMORILLONITE
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One of the promising routes to make the cement-based materials eco-friendly is to use alkali-activated materials. In 
general, any material that has certain amount of reactive silica and alumina can be alkali activated; yet, the process 
and resulting material properties are dependent on the composition of the solid precursor. There is a wide range of 
reactive aluminosilicate materials, which can be used for the synthesis of alkali activated materials, calcined clay 
being the most abundant and widespread aluminosilicate source. The reactivity of the calcined clay depends on 
the type and the content of the clay mineral. Metakaolin, which is the dehydroxylated form of kaolinite, is one of 
the most frequently used precursors in alkali activation, due to its amorphous phase and high reactivity. However, 
other clay minerals such as 2:1 clays, which are found in natural clay deposits, have been rarely studied for the 
synthesis of alkali activated materials probably due to their complexity of mineralogy and structure, presence of 
interlayer cations and isomorphic substitution. 

This study investigates the reactivity of thermally treated pure 2:1 clay minerals such as Ca- and Na- montmoril-
lonite through alkali activation. The aim of this study is to understand the influence of the pure clay type and the 
influence of the interlayer cations on the activation potential and early age reaction mechanism and kinetics of 
montmorillonite. Three pure natural calcined clays were used: kaolinite (>95 wt%) as a reference material, as well 
as Ca- and Na- montmorillonite (>90-100 wt%). The two-montmorillonite clays were subjected to a purification 
process using the Jackson-treatment method in order to remove the residual impurities and to separate the fraction 
less than 2 µm, which will be used in this investigation. Afterwards, the kaolinite and montmorillonite were ther-
mally activated at 600 °C and 800 °C respectively.

The presence of 2:1 clay minerals yields a Si/Al ratio >2, which limits the use of silicate solution as alkaline acti-
vator. A series of sodium hydroxide activated calcined montmorillonite with different solution/binder and Na2O/
Al2O3 molar ratios were used. Reaction mechanism and products were characterized using a series of analytical 
techniques such as X-ray diffraction, Thermogravimetric analysis (TGA), Brunauer-Emmett-Teller (BET) method, 
and ICP-OES, isothermal conduction calorimetry and scanning electron microscopy (SEM).

Keywords: alkali activation, thermally activated clays, montmorillonite.
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ADSORPTION BEHAVIOUR OF CHROMATE ON SCHWERTMANNITE
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Nature of adsorbed oxyanions species on iron oxides are important for their adsorption behaviour under a very 
wide range of pH values, ionic strengths and electrolyte compositions. Among toxic oxyanions, chromate oxyan-
ions are difficult to remove from the contaminated water, because of the presence of coexisting oxyanions in the 
natural systems. Iron hydroxide minerals, such as ferrihydrite and schwertmannite, are excellent adsorbents for 
arsenate and phosphate by formation of inner-sphere complexation. There are several published studies on surface 
complexation modelling of oxyanions adsorption on ferrihydrite. However, such information is lacking for the 
adsorption of oxyanions onto schwertmannite. In this context, the present study was undertaken to study chro-
mate adsorption behaviour onto schwertmannite. Adsorption experiments were conducted by using synthesized 
ferrihydrite and schwertmannite as adsorbents and the adsorption behaviour of chromate on schwertmannite was 
compared with those of other oxyanions such as arsenate, phosphate, and sulfate. The adsorption experiments were 
conducted using several initial concentrations (0.6 mM and 1 mM) of anions included arsenate, phosphate, chro-
mate and sulfate, with wide range of pH (3-12) and different ionic strength (0.01-0.1M, NaNO3) of background 
solutions. Anions adsorption fractions were changed as function of pH and ionic strength. Ferrihydrite and schw-
ertmannite showed similar adsorption capacity and selectivity for oxyanions in the following order: H2AsO4

- > 
H2PO4

- > HCrO4
- > SO4

2-. Zeta potential measurements were undertaken to understand the adsorption mechanism 
of oxyanions. The difference in the point of zero charge (PZC) of adsorbents before and after adsorption was 
larger in the following order: H2AsO4

->H2PO4
->HCrO4

->SO4
2-. The anions showing a larger difference in the PZC 

indicates a strong interaction with the surface of adsorbents and thus the modification of surface charge property 
is large after adsorption. The difference in the PZC for chromate suggests an intermediate complex between inner 
and outer-sphere complex on schwertmannite. Zeta potential measurements for SO4 sorbed ferrihydrite and schw-
ertmannite were similar, which indicate a similar SO4 adsorption mechanism onto ferrihydrite and schwertmannite. 
Therefore, an extend triple layer modelling (ETLM) of SO4

2- adsorption for schwertmannite is allowed by referring 
that for ferrihydrite in a similar way, ETLM of chromate anion for schwertmannite was carried out by referring 
ETLM for SO4

2--ferrihydrite. In this study, chromate reaction equation can be represented by the both formation of 
inner-sphere species and outer-sphere (H-bonded) species. The ETLM of chromate adsorption for schwertmannite 
was setting by using the data basis of ferrihydrite ETLM. In this presentation, the ETLM results for chromate 
would be shown as a trial for explain the difference in adsorption behaviour of chromate from those of arsenate, 
phosphate and sulphate anions.

Keyword: Chromate, adsorption and schwertmannite.

[1] J. M. Bigham, U. Schwertmann, S. J. Traina, R. L. Winland, and M. Wolf. “Schwertmannite and the chemical modeling of iron in acid 
sulfate waters,” Geochim. Cosmochim. Acta, vol. 60, no. 12, pp. 2111-2121, 1996.

[2] K. Fukushi, K. Aoyama, C. Yang, N. Kitadai, and S. Nakashima. “Surface complexation modeling for sulfate adsorption on ferrihydrite 
consistent with in situ infrared spectroscopic observations,” Appl. Geochemistry, vol. 36, pp. 92-103, 2013.

[3] K. Fukushi and D. A. Sverjensky. “A surface complexation model for sulfate and selenate on iron oxides consistent with spectroscopic 
and theoretical molecular evidence,” vol. 71, pp. 1-24, 2007.

[4] C. P. Johnston and M. Chrysochoou. “Mechanisms of Chromate, Selenate, and Sulfate Adsorption on Al- Substituted Ferrihydrite: Impli-
cations for Ferrihydrite Surface Structure and Reactivity,”2016.
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The development of new formulations based on clays as smart delivery systems or nanopesticides has become 
an interesting strategy for decreasing the environmental impact of pesticides [1-3]. Layered double hydroxides 
(LDHs) or anionic clays are especially convenient as host materials for anionic or acid pesticides to decreasetheir 
soil leaching losses, which areoftenvery high for this type of pesticides, particularly if they have high water sol-
ubility [4]. Alkylammonium cationic clays have also been shown as good carriers for pesticides in controlled 
release formulations [3,5]. We prepared and compared nanopesticide formulations of a very water soluble anionic 
herbicide, bispyribac (BIS), as LDH and as alkylammonium clay complexes, whose water and soil behaviour were 
lab-tested, as smart deliverysystemsto minimize their surface and ground water impact.

The initial materials were LDH, lab-synthesized andcalcined at 500ºC (LDH500), and alkylammonium Clois-
ite10A (Clo10A) from BYK and supply by Comindex SA. The adsorption of bispyribac onLDH500 and Clo10A 
was firstly assayed. The LDH-BIS complex was prepared by regeneration of LDH500 in aqueous solution con-
taining herbicide. The Clo-BIS complexes (20% w/w) were prepared in three ways: (i) ground mixing (GM); (ii) 
weak complex (WC) and (iii) strong complex (SC)3. The characterization of the LDH-BIS and Clo-BIS complexes 
were done by XRD, SEM and FTIR spectroscopy. The bispyribac slow release in water and the bispyribac leaching 
out from the soil column experiments were designed to compare the diverse nanopesticide complexes versus its 
technical and commercial products (Nominee 400SC). 

The L-type is othermsshowed that bispyribac adsorbed on both clays by specific mechanism and fitting to Lang-
muir model rendered a monolayer capacity much larger for LDH500 (Qm=1.3mmol/g) than for Clo10A (Qm=0.2 
mmol/g). The XRD of LDH-BIS complex showed that layered structure was recovered and herbicidewas mainly 
in the interlayer with a basal spacing of 22.4 Å asan anion(̴ 25% of AEC), besides some carbonate and nitrate, 
as revealed by FT-IR. The XRD of Clo-BIS complexes showed that GM displayed an unchanged Clo10A (19 Å) 
basal spacing, whereas the other WC and SC complexes showed an increase and broadening of d001 around 21 Å 
indicating a disordered with different interlayering grade of bispyribac. The FT-IR spectra confirmed the pres-
ence of bispyribac as anion in all the complexes. The water release profiles showed the technical product and the 
Clo10A-BIS GM released immediately 98% and 100% of their initialherbicide content, whereas the LDH-BIS, 
and Clo10A-BIS SC and WC released immediately 18, 23 and 65% reaching, after 120 h 68, 25 and 75%, thus 
displaying slow release profiles. The SC complex Clo10A-BIS could not be appropriated because of its very low 
final release. The soil column leaching studies revealed important differences among the diverse nanopesticides 
and with technical and commercial products. Those differences, as the corresponding water release profiles, were 
related with structure and interaction mechanism of bispyribac in the complexes. These results show that, combin-
ing aselection of carriers with diverse preparation modes, the resulting nanopesticides can offer a wide range of 
leaching risk minimization strategies.

Acknowledgments: P11-AGR-7400, AGR-264 (PAIDI, Junta de Andalucia), CSIC-MINECO RECUPERA 2020 and AGL-2014-51897-R.
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Most of Mediterranean countries including Tunisia, commercialize clay based cosmetic products. In some cases, 
however, they could even be harmful to human health as a result of the presence of impurities, including heavy 
metals, quartz and other non-suitable associated phases. The presence of these impurities should be controlled 
and if necessary the material must be treated to eliminate them or even discarded. The final goal should always to 
suggest a product that can be safely applied to the patient. For these reasons, information about the mineralogy, 
chemistry and technical characteristics of these materials must be provided by factories or sellers, even if these 
substances probably vary widely in composition, texture and crystallinity, with significant effects on their proper-
ties and consequently should be controlled. 

Aim of this work, was to characterize bought clayey samples of various Tunisian and some Mediterranean stores, 
in order to determine their suitability in therapeutic preparation of mud and/or homemade or marketed cosmetic 
product.

Study of these clayey samples has required a multitude of analyzes of physic-chemical characterization such as: 
mineralogical analysis by XRD, chemical analysis by XRF, electronic scan microscopy (MEB), thermo gravimet-
ric analysis, cation exchange capacity (CEC), pH and cooling kinetics, permeability and rheology.

Considerable compositional and technical differences between studied clays were found. These differences should 
be put in consideration because they affect directly the effectiveness of final mud. With regard to the distributions 
and textures of particle dimensions, substantial differences were also found. Consequently, the corresponding 
technical properties differ considerably between samples which have similar uses and effectiveness. Most studied 
samples showed similar mineralogical composition (mainly constituted by smectite, with illite, kaolinite, gypsum, 
carbonates as calcite and dolomite, and quartz as impurities).

Smectitic clays are characterized by smoothness of their particles, which constitutes a real advantage for their 
possible application in geomedecine.

The most advised clays must have a high CEC, a very important specific surface (high absorption and adsorption), 
a pH ranging between 8.5 and 10.5; this basic character supports the exfoliating clay capacity and allows the elim-
ination of the dead cells.

Agreeing with parameters traditionally used in pelotherapy, Tunisian clays were in agreement with the European 
and American standards of pharmacopeia.

On the basis of these results, and by comparison between these clays, we can conclude that they apply well to an 
external use as curative or cosmetic mud (low content of elements traces). In some cases, they need purification 
from different impurities.

Acknowledgements: this study was supported by funding from MEDYNA: “FP7-Marie Curie Action funded under Grant Agreement PIRS-
ES-GA- 2013-612572”.
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In the oil industry, contamination by hydrocarbons is the main cause of pollution. The selection of contaminated 
soils technologies is highly dependent on: geographic conditions, hydrogeology, drilling fluid composition, cli-
mate of the drill sites and environment regulations. The great problem for oil companies regarding the environ-
mental protection issue is to know what can be perform effectively without generating anovercost that may affect 
competitiveness. Land farming presents satisfactory economic, scientific and environmental issues. In Arid area, 
soil behaviour is very sensitive comparatively to humid zone because of the limited water availability and low 
biodiversity. So, underthese difficult conditions, the bioremediation treatment can be improved by in-situ addition 
of clay minerals, especially hydrated bentonite.

The main objective of this study wasto enhance the activity of indigenous microorganisms activity. The experimen-
tal work was conducted for several months. Firstly, by using soil model to study soil-hydrocarbon adsorption with 
each mineral that is presentin the reserve pit (quartz, clay, carbonate and barite). Secondly, follow theautochthons 
microorganism population development and identify microflora performance (high biodegradation rate) present 
in reserve pits. The total petroleum hydrocarbon (TPH) variation in soil sample was monitored by gas chromatog-
raphy, distillation, SARA analysis, total organic carbon(TOC) and coupled to microflora growth. Biodegradation 
stimulation was carried out byadding manure, surfactants and water. Pit Analysis showedthe presence of several 
microorganisms including Pseudomonas, Enterobacter, Citrobacter, Micrococcus, Acinetobacter, Staphylococcus, 
Corynebacterium and Bacillus.

The first results showedthat: (i) each mineral exhibits a specific behaviour to hydrocarbons compounds due to the 
difference in surface properties; (ii) oils waste amended with bentonite improved the hydrocarbons reduction until 
35% (TPH) after one month of ageing; (iii) bentonite-hydrocarbons-microorganisms-water system simulated nat-
ural micro bioreactor due to bacteria immobilization on clay surface, water availability, which allows organic pol-
lutants mobility, bioavailability and consequently increasing hydrocarbon biodegradation. Microorganisms grown 
in hydrated bentonite clay showed enhanced numbers in colony forming units (CFU) and prolonged survival. This 
beneficial effect is attributed to the sustainable supply of cationic nutrients, organic carbon, the buffering capacity 
of clays, and their large surface areas that accumulate nutrients, serve as attachment sites and adsorb pollutants. In 
perspective, further investigation will be performed with adding environmentally friendly additives to accelerate 
the pollutant elimination and optimize the oil waste management.

Keywords: drilling waste, biodegradation, hydrocarbon, bentonite, microorganism. 
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MINERALOGY AND CHEMISTRY OF BIOTITE IN THE WEATHERING 
PROFILE OF GRANITIC ROCKS IN THE EASTERN PART OF 
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Weathering and dissolution of biotite in granitic rocks play an important role in the element transport at the Earth’s 
surface because it is a dominant source of K in soils, Mg and Fe in groundwater. Moreover, biotite limits the mi-
gration of various elements in rocks and soils due to its high sorption capacity. For example, radioactive caesium 
emitted by the accident of Fukushima Daiichi Nuclear Power Plant (FDNPP) have been adhered at the surface soil 
in Fukushima, and partially-vermiculitized biotite was the major material in the radioactive fine particles of the con-
taminated soil in Fukushima [1]. Although there have been many investigation of biotite alternation in other natural 
granitic/granodioritic environments [2,3], microscopic mechanism of biotite weathering is still unclear yet due to its 
heterogeneity in chemical composition among grain-to-grain scale and/or inside each grain. This study investigated 
mineralogical and chemical properties of biotite in the natural weathering granitic environment in the eastern part 
of Fukushima Prefecture in Japan, focusing on spatial distributions of constituent elements at intra-grain scale. The 
eastern part of Fukushima Prefecture in Japan is mainly covered by Abukuma granitic rocks formed in Cretaceous 
period. Our sampling point locates about 40 km southwest from FDNPP, and its geological setting is very similar to 
that of radioactive contaminated areas. The annual air temperature and precipitation are 10.5 ˚C and 1245 mm. The 
weathering profile showing from granodiorite core-stones to reddish-brown soils was exposed in steep walls recent-
ly formed by stone quarrying. Pinkish-coloured clay veins found in some part of the wall contain intensively weath-
ered biotite. The underlying fresh rock was composed of plagioclase, quartz, K-feldspar, biotite, hornblende and 
accessory minerals such as apatite, zircon and ilmenite. Several weathered samples were taken from progressively 
weathered shells around fresh core-stones. Biotite grains of 1-5 mm in diameter were separated by sieving and hand 
sorting. The grains were ground into powder for Mӧssbauer spectroscopy and X-ray diffractometry (XRD). Sev-
eral grains were impregnated in epoxy resin and cross-sectioned perpendicular to basal planes, to prepare polished 
cross-sections for Field-Emission Electron Probe Microanalysis (FE-EPMA) and Field-Emission Scanning Elec-
tron Microscopy (FE-SEM). Based on sample occurrence, chemical composition and crystallography, weathering 
states of biotite were classified into roughly two stages: (1) early weathering stage and (2) later weathering stage. 
(1) The early weathered biotite were found on the surface of exposed core-stones, retaining original colour of fresh 
rocks but being disintegrated. XRD profiles of oriented specimens showed two sharp peaks of biotite (10 Å) and 
vermiculite (14-15 Å), corresponding to segregated interstratified structures not physical mixing. 060 reflections of 
randomly oriented specimens showed a linear decrease of the b-axis along with an increase of Fe3+/ΣFe ratio, owing 
to the decrease of ionic radii of Fe. Electron microscopy visualized K-rich-Ca-low (biotite-like) packets and K-low-
Ca-rich (Ca-vermiculite-like) packets of several micrometer in width in grains. This is consistent with the XRD 
patterns indicating segregated interstratification. On the contrary, constituent elements of the silicate layer were 
conserved from original biotite. (2) The later weathered biotite were found from the slightly coloured, disintegrated 
rock layer to the top of soil layer. XRD profiles showed randomly interstratified structure of biotite and vermiculite, 
while 14-15 Å peak from vermiculite packets decreased as weathering proceed. Fe oxidation was almost completed 
(Fe3+/ΣFe ~ 95-100%), and the b-axis decreased after the completion of Fe oxidation, probably owing to the ejection 
of octahedral cations. FE-EPMA and FE-SEM showed heterogeneous elemental distribution, including constituent 
elements of silicate layers. The segregation of Ca-vermiculite and biotite was obscure. In conclusion, cation release 
of biotite was controlled by Fe oxidation and interlayer cation exchange in the early weathering stage, and by de-
composition of silicate layers in the later weathering stage.

[1] Mukai H., Hatta T., Kitazawa T., Yamada H., Yaita, T., Kogure T. (2014). Speciation of Radioactive Soil Particles in the Fukushima Con-
taminated Area by IP Autoradiography and Microanalysis. Environmental Science and Technology, 48, 22, 13053-13059. 

[2] Banfield J.F,, Eggleton R.A. (1988).Transmission Electron Microscope Study of Biotite Weathering, Clays and Clay Minerals, 36, 47-60.
[3] Jeong G. Y, Kim H.B. (2003). Mineralogy, Chemistry, and Formation of Oxidized Biotite in the Weathering Granitic Rocks, American 

Mineralogist, 88, 352-364. 
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We investigated specific surface area and porosity of layered double hydroxides (LDHs) which were synthesized 
through various routes, calcined at different temperature to obtaine layered double oxides (LDOs) and reconstruct-
ed to original LDH structure. Four different synthesis methods were utilized to obtain MgAl-CO3-LDHs: 1) copre-
cipitation of metal cations with sodium hydroxide (LDH-C), 2) coprecipitation followed by hydrothermal reaction 
(LDH-CH), 3) coprecipitation of metal cations with homogeneous urea hydrolysis (LDH-U) and 4) hydrothermal 
reaction after urea hydrolysis (LDH-UH). All the samples showed typical hydrotalcite structure in powder X-ray 
diffraction patterns with different crystallinity with respect to synthesis method. The primary particle sizes de-
termined by scanning electron microscopy were 22, 160, 2150 and 2420 nm for LDH-C, LDH-CH, LDH-U and 
LDH-UH, respectively. The specific surface area of LDH samples calculated from nitrogen adsorption-desorption 
isotherm were highly dependent on their primary particle size: smaller particle tended to have larger specific 
surface area and pore volume (between LDH-C and LDH-CH) and plate like LDHs (LDH-U and LDH-UH) had 
larger specific surface area. All the LDHs were calcined at different temperature - 400 °C, 500 °C and 600 °C - for 
10 h, showing phase transformation to periclase, a typical phase of LDO. The particle sizes and morphologies of 
LDOs were almost maintained compared to corresponding LDHs. However, their specific surface area and pore 
volume enhanced significantly, and the gap was the largest in LDH-CH sample, suggesting the effect of particle 
size and morphology in specific surface area and porosity. The LDOs were completely reconstructed to LDH phase 
in the presence of water and bicarbonate anion. The particle size, morphology and specifc surface area and porosity 
of reconstructed LDHs (R-LDHs) were evaluated with scanning electron microscopy and nitrogen adsorption-de-
sorption isotherm. The chemical environment of LDH, LDO and R-LDH around aluminum was evaluated with 
solid state aluminum nuclear magnetic resonance spectroscopy.
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Bentonite has been used in medication or cosmetic industries. However, about 80% bentonites are abandoned dur-
ing the purification processes. In this study, we researched efficient use of bentonite sludge by the hydrothermal 
method.

Cancrinite-type zeolite was synthesized from Ca-bentonite by the hydrothermal method using aqueous Na+ with-
out adding any extra silica and alumina sources. The acid treated bentonite mixture slowly added to the Na+ 
solution with various concentrations by vigorous stirring at room temperature. The final mixtures were placed in 
a convention oven at 368 K for 24 h. The final products were filtered and washed with deionized water, and then 
the products were dried at high temperature in an oven prior to characterization. The synthesized products were 
characterized by X-ray powder diffraction (XRD), scanning electron microscopy (SEM), and N2 adsorption-des-
orption.

The crystallographic composition of the products was determined by XRD. The crystalline phases were identified 
as cancrinite-type zeolite. The high crystalline cancrinites were synthesized using high concentration Na+ solution. 
The surface area of synthesized cancrinites and bentonite sludge were 50.67 m2/g and 129.42 m2/g, respectively, 
analyzed by Brunauer-Emmett-Teller method. This study showed that the activated bentonite sludge solution was 
converted to pure cancrinite with high crystallinity at optimized conditions. Based on the characterization results, 
alkali metal concentration is important key to synthesize open porous material from bentonite as layered one.
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The biofouling on medical products can not only cause secondary infection but also reduce their performance. In 
order to provide anti-biofouling property to polyurethane, which are often utilized in medical product for bron-
chial tissue, we introduced montmorillonite coating expecting increased surface roughness and decreased surface 
energy. Medical grade montmorillonite (VEEGUM®R EP) and urethane binder were chosen, as they showed high 
biocompatibility on human bronchial epithelial BEAS-2B cell culture lines, with IC50 of 135.9 μg/mL and 3212 
μg/mL, respectively. Polyurethane film was coated with aqueous suspension containing 1% montmorillonite and 
35% urethane through dip-coating at 0.05 mm/s speed. The coating was hardened at 100 °C for 30 min resulting 
in 9mm thickness and 4B hardness by pencil standard. Through scanning electron microscopy, montmorillonite 
with ~ 3 μm size was found to be randomly distributed on the polyurethane film with slight agglomeration. Atomic 
force microscopy revealed that the surface roughness of polyurethane film enhanced from 3.8 nm to 7.5 nm upon 
montmorillonite coating. The water contact angle of film changed from 74.7° to 90.1° upon montmorillonite in-
troduction, suggesting the decreased surface energy and increased hydrophobicity of polyurethane film. In order 
to evaluate anti-biofouling property, we exposed the film with and without clay coating to mucin and the amount 
of adhered mucin was quantified by Alcian blue staining assay.[1] It was revealed that anti-biofouling property of 
polyurethane on mucin enhanced 77% upon montmorillonite coating.

[1] Yin J.L., Mei M.L., Li Q.L., Xia R., Zhang Z.H., Chu C.H. (2016). Self-cleaning and antibiofouling enamel surface by slippery liquid-in-
fused technique, Scientific Reports, 25924.
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We encapsulated two kinds of proteins, bovine serum albumin (BSA) and hydrolysed keratin (KER), with clays 
such as montmorillonite (MMT), halloysite nanotube (HNT) and layered double hydroxide (LDH)to enhance 
thermal stability of proteins. Two kinds of clays, MMT and HNT, were utilized as purchased and LDH was syn-
thesized by coprecipitating Mg2+ and Al3+ with sodium hydroxide solution. Protein encapsulation with MMT and 
HNT was carried out by simply mixing protein solution and clay suspension at room temperature with protein:clay 
weight ratio of 2:1. In order to encapsulate protein with LDH, reconstruction method was utilized; calcined LDH 
at 400 °C for 6 h was reacted with protein solution with protein:LDH weight ratio of 2:1. According to Bradford 
protein quantification assay and thermogravimetry, clays were determined to contain 30, 26 and 33 wt/wt% of BSA 
for MMT, HNT and LDH, respectively. From X-ray diffraction and infrared spectroscopy, protein encapsulating 
clays were determined to contain intact structured protein without significant structural modification of clays. The 
particle size and morphology of MMT and HNT were not significantly changed upon protein encapsulation show-
ing various size and lamellar morphology for MMT and ~ 500 nm size and rod-like shape for HNT. The particle 
morphology of LDH was significantly changed by protein encapsulation showing rosette-like structure with partial 
agglomeration after protein encapsulation. The protein adsorption kinetic and isotherm depending on clay type 
were studied with Bradford assay to elucidate encapsulation mechanism. The thermal stability of protein with or 
without clay encapsulation was investigated by monitoring secondary structure change after exposure on various 
temperature.
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Caprocks with significant clay content are candidate seal layers for CO2 geological storage. This study aims to 
identify the mineralogical and petrographical characteristics of caprock from drilling cores of Pohang basin as a 
potential CO2 storage site. Experiments and modeling were conducted in order to investigate the geochemical and 
mineralogical caprock effects of carbon dioxide. A series of autoclave experiments were conducted to simulate the 
interaction in the scCO2-caprock-brine using a high pressure and temperature cell at 50 °C and 100 bar. Geochem-
ical and mineralogical alterations after 15 days of scCO2-caprock-brine sample reactions were quantitatively ex-
amined by XRD, XRF, ICP-OES investigation. Results of mineralogical studies, together with petrographic data of 
caprock and data on the physicochemical parameters of brine were used for geochemical modeling. Modeling was 
carried out using the The Geochemist’s Workbench 11.0.4 geochemical simulator. Results from XRD analysis for 
caprock sample showed that major compositional minerals are quartz, plagioclase, and K-feldspar, and muscovite, 
pyrite, siderite, calcite, kaolinite and montmorillonite were included on a small scale. Results from ICP-OES anal-
ysis for brine showed that concentration of Ca2+, Na+, K+ and Mg2+ increased due to dissolution of plagioclase, 
K-feldspar and muscovite. Results of modeling for the period of 100 years showed that the recrystallization of ka-
olinite, dawsonite and beidellite, at the expense of plagioclase and K-feldspar is characteristic. Volumes of newly 
precipitation minerals and minerals passing into brine were balanced, so the porosity remained nearly unchanged. 
Experimental and modeling results indicate the interaction between caprock and scCO2 during geologic carbon 
sequestration can exert significant impacts in brine pH and solubility/stability of minerals.
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Pillared layered materials have attracted much attention for commercial application because of their catalytic and 
molecular sieving properties [1]. The layered materials pillared with inorganic clusters have pore structures, high 
thermal stability and high surface area like zeolites and molecular sieves. Layered silicates such as kenyaite (Na2 
Si20O41·11H2O), magadiite (Na2Si14O29·11H2O) and ilerite (Na2Si8O17·xH2O) are known to be useful hosts for pre-
paring pillared materials [2-4]. They have very similar properties to clay minerals [5] and the interlayer spaces are 
easily expanded by intercalation of long chain amines.

In this work, we have prepared niobium oxide-pillared kenyaite (Nb-Kenyaite) materials by intercalation method 
using octylamine as a layer-expansion agent and niobium ethoxide (Nb(OC2H5)5) as metal precursor, respectively, 
and applied the pillared materials as catalysts for vapor phase Beckmann rearrangement of cyclohexanone oxime.

Nb-kenyaite materials exhibited larger surface area and basal spacing than those of H-kenyaite, which is used as a 
host, suggesting the formation of pillared materials with porosity. The results from NH3-TPD and FT-IR measure-
ments demonstrated that Nb-kenyaite materials possessed weak acid site and hydroxyl group which act as active 
sites in Beckmann rearrangement reaction.

For vapor phase Beckmann rearrangement of cyclohexanone oxime, Nb-kenyaite catalysts exhibited high catalytic 
performance. The oxime conversion reached 99.5% with lactam selectivity of 92.1% at 350 °C. The high catalytic 
performance of Nb-kenyaite catalysts for vapor phase Beckmann rearrangement of cyclohexanone oxime was due 
to the presence of porosity, acidity and hydroxyl groups formed by niobium pillaring into the layers of kenyaite. 

[1] Gil A., Gandía L. M., Vincente M. A. (2000). Recent advances in the synthesis and catalytic application of pillared clays. Catal. Rev. -Sci. 
Eng., 42(1&2), 145-212.

[2] Kosuge K., Tsunashima A. (1995). New silica-pillared materials prepared from the layered silicic acid of ilerite. Chem. Commun., 2427-
2428.

[3] Wang Z., Pinnavaia T.J. (2003). Intercalation of poly(propyleneoxide) amines (Jeffamines) in synthetic layered silicas derived from 
ilerite, magadiite, and kenyaite. J. Mater. Chem., 13, 2127-2131.

[4] Kim S.J., Kim M.H., Seo G., Uh Y.S. (2012). Preparation of tantalum-pillared magadiite and its catalytic performance in Beckmann 
rearrangement. Res. Chem. Intermed., 38, 1181-1190.

[5] Ohtsuka K. (1997). Preparation and properties of two-dimensional microporous pillared interlayered solids. Chem. Mater., 9, 2039-2050.
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PREPARATION OF SIZE CONTROLLED LAYERED DOUBLE 
HYDROXIDE HAVING GADOLINIUM, GALLIUM AND SILVER MOIETY 
FOR COMPUTED TOMOGRAPHY CONTRASTING PROPERTY
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(1) Department of Chemistry and Medical Chemistry, College of Science and Technology, Yonsei University, Wonju 26493, 
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jaemin.oh@yonsei.ac.kr

Layered double hydroxide (LDH) nanoparticles containing heavy atoms such as gadolinium, gallium and silver, 
were prepared in order to take advantage of computed tomography (CT) contrasting ability of heavy elements. 
Considering the biocompatibility and effective cellular uptake, the particle size of LDH was controlled with re-
verse micelle method. MgAl-LDH was prepared by conventional coprecipitation method with or without reverse 
micelle consisting of sodium dodecyl sulfate, octane and butanol. From the scanning electron microscopy and 
dynamic light scattering analysis, it was revealed that the LDH synthesized with reverse micelle had average 
particle size of ~300 nm, without serious aggregation compared with coprecipiated LDHs. Gadolinium was in-
troduced into LDH in the form of gadolinium diethylenetriaminepentaacetate (Gd-DTPA) which was intercalated 
into MgAl-LDH (GL). Gallium of silver was directly incorporated into LDH lattice during coprecipitation. In this 
way, GGL having both gadolinium and gallium and AGL with both gadolinium and silver moiety were obtained. 
The powder X-ray diffraction patterns showed all the LDHs had intended hydrotalcite structure with expanded 
interlayer distance upon Gd-DTPA intercalation. In order to evaluate CT contrasting property of heavy element 
introduced LDH, Hounsfield unit (HU), a quantitative scale of radiodensity, was measured with microCT imaging 
instrument. The obtained HU was 109, 144 and 212 for GL, GGL and AGL, respectively, suggesting that heavy 
element incorporation increased CT contrasting property of LDHs.
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IMPROVEMENT OF TISSUE REGENERATIVE POTENTIAL OF HUMAN 
BONE DRIVED EXTRACELLULAR MATRIX GELS BY USING CLAY 
NANO PARTICLES 

yanG-Hee kim (1)*, jonatHan james (1), lisa WHite (2), riCHard o. C. oreffo (1), 
jonatHan daWson (1)
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Tissue regeneration can be accelerated by the use of biomaterials, which provide a biological environment and can 
facilitate the delivery of biomolecules to cells at sites of defected/damaged tissue. Laponite, a clay nano-particle, 
is particularly suitable for injection to a defect sites and, crucially, has the potential for osteo-induction for bone 
tissue regeneration. Laponite displays a capacity for the absorption of proteins, including growth factors, which 
can result in enhanced bone formation[1,2]. Extracellular matrix (ECM) gels derived from decellularized tissues 
contain native components and structures that can provide an appropriate environmental niche and signalling cues 
for cells and thus aid regeneration of damaged tissues [3,4]. However, the control and modulation of ECM physi-
ochemical properties, such as its degradation rate, molecular incorporation, swelling, and gelation, in isolation are 
complex and challenging. To address these issues we combined human ECM gels with aqueous laponite suspen-
sions and studied the resultant physiochemical properties and cell responses.

We mixed laponite (40 mg/ml) with human bone derived ECM gels (16 mg/ml) at various ratios, 25:75, 50:50, 
75:25, and investigated gel stiffness, degradation, and morphology. We found that increasing the concentration 
of laponite improved both the formation of the gel and gel/ECM strength. To investigate gel degradation, we in-
cubated the gels in phosphate buffered saline (PBS) for 24 hours, after which we added collagenase in PBS and 
incubated the gels for a further 24 hours. The addition of collagenase resulted in a rapid release profile from the 
ECM gels, however, an increase in the concentration of laponite in the gels resulted in reduction of ECM protein 
release. The results indicates that mixing laponite with ECM gels helps control the enzymatic degradation of the 
gels. To further understand cell behaviours on the ECM/laponite gels, human bone marrow derived marrow stro-
mal cells (HBMSCs) were seeded on the constructs and cultured for 7 days. ECM gels lacking laponite dispersed 
in media resulting in cell attachment to the culture plate, a likely consequence of the fast degradation and weak gel 
conservation of ECM gels. In marked contrast, HBMSCs were observed on the surface of ECM gels with Laponite 
and examination of alkaline phosphate (ALP), to determine osteogenic differentiation potential, demonstrated high 
ALP activity of the cells on laponite-ECM gels. This study demonstrates the significant potential of laponite clay 
particles to harness the biological properties of ECM gels for tissue regeneration strategies.

[1] Dawson J.I., Kanczler J.M., Yang X.B., Attard G.S., Oreffo R.O.C. (2011). Clay gels for the delivery of regenerative microenvironments 
23(29) 3304-3308.

[2] Gibbs D.M.R., Black C.R.M., Hulsart-Billstrom G., Shi P., Scarpa E., Oreffo R.O.C., Dawson J.I. (2016). Bone induction at physiological 
doses of BMP through localization by clay nanoparticle gels. Biomaterials 99, 16-23.

[3] Saldin L.T., Cramer M.C., Velankar S.S., White L.J., Badylak S.F. (2017). Extracellular matrix hydrogels from decellularized tissues: 
structure and function. Acta Biomaterialia 49, 1-15.

[4] Sawkins M.J., Bowen W., Dhadda P., Markides H., Sidney L.E., Taylor A.J., Rose F.R.A.J., Badylak S.F., Shakesheff K.M., White L.J. 
(2013). Hydrogels derived from demineralized and decellularized bone extracellular matrix. Acta Biomaterialia 9(8),7865-7873.
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CLAY SUPPORTED METAL SELENIDES AS CATALYSTS FOR 
REDUCTIVE CARBONYLATION OF NITROBENZENE FOR GENERATING 
URETHANES
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Carbamates have been widely used due to their versatilities such as intermediates in pharmaceuticals, pesticides, 
fertilizers or precursors of isocyanates. The conventional process for the production of carbamates involves the 
toxic usage of phosgene. The reductive of carbonylation of aromatic nitro compounds with carbon monoxide in 
the presence of alcohols has attracted much attention as a phosgene-free alternative route to carbamates.[1,2] In 
this study, first-row transition metal selenides (MSe2, M = Cu, Fe, Mn, Co)/Supports (Support = Clay and Zeolites) 
have been synthesized and investigated as active heterogeneous catalyst for reductive carbonylation to produce 
urethanes (carbamates). The synthesized MSe2/Support materials were characterized with SEM, TEM, and XPS.

[1] Kim J.H, Kim D.W., Cheong M., Kim H.S., Mukherjee, D.K. (2010). Catalytic Activity of Supported Rhodium(I) Complex for the Car-
bonylation of Nitrobenzene: Mechanism for Carbamate Formation. Bull. Korean. Chem. Soc., 31, 1621-1627. 

[2] Shi F., He Y., Li D., Ma Y., Zhang, Q., Deng, Y. (2006). Developing effective catalyst system for reductive carbonylation of nitrobenzene 
based on the diversity of ionic liquids. J. Mol. Cat. A: Chemical, 244, 64-67. 
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FITTED FUNCTIONS VERSUS DIFFRACTION TRACES
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Kübler introduced the illite “crystallinity” using the half-height width or FWHM (full width at half maximum) 
of the XRD illite/mica reflection at 10-Å as a measure of incipient metamorphism of mica-rich rocks, measuring 
FWHM directly on the diffraction traces; this procedure has since been followed by the vast majority of workers. 
Although the FWHM values vary with the time constant for the “time width” of the receiving slit, receiving slit 
(°)/scan rate (°/sec) (Kisch 1990), these variations are known, have been tested on inter-laboratory standard slabs 
against tens of laboratories, and thus can be reliably predicted and corrected to a standard setting. However, in 
recent years some workers have measured FWHM of the fitted Pearson VII function rather than on the diffraction 
traces themselves, without ascertaining that the values thus obtained are comparable.

Comparison of the FWHM values of the Pearson VII function with those measured directly on the diffraction 
traces (FWHMprof.) for more than 50 slides and slabs shows that, at least for low-angle diffraction peaks such as the 
illite/mica reflection at 10 Å, these show major differences: the former are broader by up to 0.05° Δ2Θ for FWHM-
prof. ≤0.2° 2Θ, up to 0.08° Δ2Θ (mostly 0.02-0.06° Δ2Θ) for peaks with FWHMprof.0.21-0.42° 2Θ. and up to 0.12° 
Δ2Θ with FWHMprof. ca. 0.50° 2Θ. However, both the broadening of FWHMP7/FWHMprof. and the reduction of the 
peak maxima IP7/Iprof are more closely related to the fitting reliability R, the percentage broadening ΔFWHMP7/
FWHMprof increasing from ≤12% for good fits with R ≥96%, through 13-22% for R = 93-95½% and 26-35% for 
poor fits with R = 90-92%, to up to 50% for the poorest fits with R < 90%, whileIP7/Iprof approaches the reciprocal 
of FWHMP7/FWHMprof.

The Pearson VII function shows gentle curvature (“smoothening”) atits tops and fast fading of the tails relative 
to virtually all 10-Å diffraction traces. Their broad FWHMP7 results from the consequent lowering/“under-fitting” 
of the peak top sand the upper tails, and compensatory broadening/“over-fitting” of the intermediate peak flanks, 
most markedly for peaks with high tails and sharp tops. FWHMP7 contraction (by up to 0.01° Δ2Θ or 14%) with 
respect to FWHMprof. is restricted to rare traces with relatively broad peak tops, with additional enhancement of the 
peak maximum only on traces of muscovite flakes, whose exceptionally low tails and relatively broad peak tops 
are both “over-fitted” by the Pearson VII function.

This broadening largely accounts for the high “FWHM” values in the inter-laboratory calibration curve of Warr 
& Rice (1994, Fig.2), and the resulting inordinately broad anchizone limits of these authors and Warr & Ferrei-
ro-Mählmann (2015). The scatter of the points about their regression reflects the very different broadening per-
centage for the samples used. If the values reported were internal breadths rather than FWHM, they would be an 
additional 22% broader than FWHM of the Pearson VII functions.

The fitting reliabilities of the Cauchy function,94½-98½%, are almost invariably higher than those of the Pearson 
VII function (90½-97%) by 1-5%; their FWHM values are narrower by 0.01- 0.07° Δ2Θ or 5-17% for both the 
illite/mica 10-Å and the chlorite 7-Å reflections. Although they still differ somewhat from the FWHM values on 
the diffraction traces, predominantly still being slightly broader, they are much closer, usually within 0.02° Δ2Θ. 
This markedly lesser broadening of FWHM of the Cauchy relative to the Pearson VII function is the result of 
its stronger top curvature and notably faster tail fading (less “smoothening”). For higher-angle mica peaks, the 
FWHM values of the Pearson VII and Cauchy functions converge, usually differing only by 0.01-0.03° Δ2Θ for 
the 5-Å peak, and even less for the 3.3-Å peak.

It is therefore strongly recommended that FWHM values of the illite/mica 10-Å reflections be measured on the 
diffraction traces rather than on fitted functions. Where peak fitting is unavoidable, for instance in order to sep-
arate the contributions of adjoining partly resolved or unresolved reflections such as 9.66-Å paragonite or 9.2-Å 
pyrophyllite from the 10-Å illite/mica reflection on broadened 10-Å reflections, Cauchy rather than Pearson VII 
functions should be used.
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EXFOLIATED KAOLINITES AS POTENTIAL PHOTOCATALYSTS
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Based on their bandgap values, kaolins can have semiconductive and photocatalytic properties enabling them to 
be used as potential photocatalysts. 

Kaolinite nanostructures and silver-coated kaolinite nanohybrids were made from ordered (Hinkley Index, 
HI=1.4) and disordered (HI=0.3) kaolins via intercalation/deintercalation. The book-type kaolin built up from 
tetrahedral(T)-octahedral(O) double layers has very low photocatalytic activity. At the same time, the nanostruc-
tures made of individual TO layers show photochemical activity in spite of the fact that their bandgap values are 
comparable to those of the book-type ones. The presence of Ag on the surface significantly reduced the bandgap 
and shifted the excitation wavelength towards the visible range. This phenomenon supports the supposition that 
kaolinite has some semiconductive character. This work presents the connection between photocatalytic activity 
and morphology. 

The surface activity of kaolinite nanostructures and their Ag-hybrids was studied through the decomposition of 
sodium-benzenesulfonate (BS) test compound with attenuated total reflection Fourier transform infrared spectros-
copy (FT-IR/ATR). BS decomposition can be detected on the nano-kaolinite surface but with low efficiency. The 
presence of silver can significantly improve the mineralization efficiency. 

No correlation was found between the activity and the quantity of Ti and Fe contaminants and the amount of Ag on 
the surface. However, the activity could be correlated with the order-dependent morphology (mixture of semi-hex-
agonal and nanoscroll-type structures), the pore size and with the increase of the surface coverage.

Kaolins are natural, cheap and abundant raw materials. On the one hand, revealing the parameters influencing 
their photochemical activity can contribute to the cost optimization of environmental technologies (e.g. water 
treatment processes). On the other, understanding the physico-chemical background of the catalytic properties is 
of importance from environmental points of view contributing to the understanding of the role of clay minerals in 
the purification of natural waters.

Acknowledgement: the financial support of the GINOP-2.3.2-15-2016-00053 and GINOP-2.3.2-15-2016-00016 projects co-financed by the 
Széchenyi program is gratefully acknowledged.

[1] E. Szabó-Bárdos, B. Baja, E. Horváth, A. Horváth (2010). Photocatalytic decomposition of l-serine and l-aspartic acid over bare and 
silver-deposited TiO2, J. Photochem.Photobiol. A Chem. 213, 37-45. doi:10.1016/j.jphotochem.2010.04.017. 
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TALE OF THE UNEXPECTED: HOW HALLOYSITE PREDISPOSES FLOW 
SLIDING
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In many regions around the world, tephras from volcanic eruptions cover wide areas of the landscape. With time, 
the primary constituents of tephras may alter to the low-activity clay mineral halloysite, which has often been 
associated with layers that are susceptible to damaging and unpredictable flow slides. However, the precise role of 
halloysite in the development of the high mobility during landsliding is unknown. In this study [1], a succession of 
altered tephras was analysed, having been involved in a recent flow slide in North Island, New Zealand. We found 
a new open-sided spheroidal halloysite particle shape in the form of “mushroom caps” that apparently governed 
the development of high mobility in the failure zone during landsliding. We suggest that the rearrangement in the 
halloysite texture during the failure process reduced the attractions between the particles at nanoscale dimensions 
and thus predisposed flow sliding. Our findings contribute to an improved understanding of the mechanisms of 
flow sliding in altered tephras rich in halloysite.

[1] Kluger. M.O.; Moon, V.G.; Kreiter, S.; Lowe, D.J.; Churchman, G.J.; Hepp, D.A.; Seibel, D.; Jorat, M.E.; Mörz, T. (2017). A new attrac-
tion-detachment model for explaining flow sliding in clay-rich tephras. Geology, 42(2), p. 131-134, doi:10.1130/G38560.1.
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Chlorite commonly forms by hydrothermal alteration of biotite in granitic rocks. This “chloritization” mechanism 
of biotite has been paid attention and investigated for a long time to understand alteration history of granitic rock 
which is one of the most common lithofacies. However, it looks that previous studies have focused either crys-
tallographic [1,2] or chemical aspect [3] of the chloritization, not both. This study investigated the chloritization 
process of biotite, by analysing both the crystal structures and chemical compositions of the chlorite. As a result, 
a new insight for the chloritization, simultaneous occurrence of the two transformation mechanisms, is proposed.

The rock investigated was Toki granite, distributed in Central Japan. The sample was collected from the borehole 
in the Mizunami Underground Research Laboratory; in the altitude range from -274 m to -314 m above sea level 
[3]. Observation of the petrographic thin sections revealed that the granite contains biotite with various stages of 
chloritization. Generally biotite grains of various chloritization are homogeneously distributed in a thin section. 
X-ray diffraction (XRD) patterns obtained using a Gandolfi camera confirmed that the dominant polytype of unal-
tered biotite is 1M and the polytypic group of the emerald-like coloured chlorite grains is IIbb. Electron micropro-
be analysis revealed that emerald-like coloured, completely chloritized grains contain no titanium (Ti) which is a 
constituent element of biotite in granite (“Ti-free chlorite”). On the other hand, element mapping of partially chlor-
itized biotite grains indicated that the grains contain thin regions with no potassium (namely no biotite component) 
but with a certain amount of Ti. Considering existence of other elements, these thin regions are also considered to 
be chlorite (“Ti-bearing chlorite”). Quantitative analysis of these Ti-free and Ti-bearing chlorite showed different 
Al contents and Mg/Fe ratios between them, beside the amount of Ti. Investigation using TEM confirmed that 
both Ti-free and Ti-bearing chlorites are really “chlorite”, from electron diffraction and high-resolution imaging.

This compositional difference can be ascribed to different chloritization mechanisms; Ti-bearing chlorite took over 
the 2:1 layer from biotite, and Ti-free chlorite was formed via dissolution-recrystallization process. In biotite, Ti is 
expected to locate in the octahedral sheet of the 2:1 layer. Hence, chlorite transformed from biotite must contain 
Ti, if the 2:1 layer was inherited from biotite without significant cation diffusion. On the contrary, chlorite can be 
Ti-free, if the 2:1 layer was once dissolved and new 2:1 layers formed from the hydrothermal fluid. In this case, Ti 
formed titanite, CaTiSiO5, which is common within chloritized grains, with calcium and silicon transported via the 
fluid. In TEM, Ti-bearing chlorite showed a diffraction pattern indicating a mixture of different polytypic groups, 
indicating structural discontinuity with completely chloritized grains which were IIbb from XRD. IIbb is consid-
ered to be the most stable polytypic group and expected to form if chlorite was formed from solution. However, if 
chlorite was transformed from biotite via a solid-to-solid pathway inheriting the 2:1 layer, complete IIbb stacking 
may not be expected owing to the difference of the interlayer structures between biotite and chlorite [2]. Finally 
high-resolution imaging support that Ti-bearing chlorite inherited the 2:1 layer from biotite, because this chlorite 
has 2:1 layers whose orientation is uniform, which is the same characteristic as biotite-1M. On the other hand, 
Ti-bearing chlorite consists of 2:1 layers whose orientation is considerably disordered.

[1] Veblen D.R., Ferry J.M. (1983). A TEM study of the biotite-chlorite reaction and comparison with petrologic observations. American 
Mineralogist, 68, 1160-1168.

[2] Kogure T., Banfield J.F. (2000). New insights into the mechanism for chloritization of biotite using polytype analysis. American Miner-
alogist, 85, 1202-1208.

[3] Yuguchi T., Sasao, E., Ishibashi M., Nishiyama, T. (2015). Hydrothermal chloritization process from biotite in the Toki granite, Central 
Japan: Temporal variations of the compositions of hydrothermal fluids associated with chloritization. American Mineralogist, 100, 1134-
1152.



Scientific Research Abstracts
Vol. 7, p. 419, 2017
ISSN 2464-9147 (Online)
XVI International Clay Conference | ICC 2017 | Granada, Spain
© Author(s) 2017. CC Attribution 3.0 License

CESIUM-DESORPTION BEHAVIOR OF WEATHERED BIOTITE 
TO UNDERSTAND THE DYNAMICS OF RADIOACTIVE CESIUM 
CONTAMINATING FUKUSHIMA SOILS

Hiroki mukai (1), tosHiHiro koGure (1)*, yosHio takaHasHi (1), kenji tamura (2), tsuyosHi yaita (3)
(1) Department of Earth and Planetary Science, Graduate School of Science, The University of Tokyo, Tokyo, 113-0033, 
Japan, (2) National Institute for Materials Science, Tsukuba, Ibaraki 305-0044, Japan, (3) Quantum Beam Science Center, 
Japan Atomic Energy Agency, Sayo, Hyogo 679-5148, Japan 
*kogure@eps.s.u-tokyo.ac.jp

As six years has passed after March 2011, 137Cs is now the main source of the radiation in Fukushima, due to its 
abundance and relatively long half-life. Hence, the state and dynamics of 137Cs in the contaminated soil should be 
investigated in detail for the solution of the radioactive pollution. We reported, using autoradiography with mi-
cro-processed imaging plates (IPs) and various electron microscopic techniques, that partially-vermiculitized bio-
tite which is termed weathered biotite (WB) in this study, is a major adsorbent of radioactive cesium in the actual 
soil collected from Fukushima [1]. Furthermore, from the sorption experiments using very dilute 137Cs radioisotope 
solutions which were comparable to the actual contamination level in Fukushima, it was demonstrated that WB 
sorbed Cs far more than other clay minerals [2]. After these findings, we have investigated Cs-desorption proper-
ties of WB to understand the dynamics of radioactive cesium in Fukushima.

Radioactive cesium (137Cs) was sorbed to WB with the concentration comparable to that in the actual WB collected 
from Fukushima, and desorption ratio for individual mineral particles was estimated by IP autoradiography [1]. 
137Cs sorbed to WB by immersing the mineral particles in the 137Cs solution for one day was hardly desorbed by 
immersing in solutions of KNO3 (1 M), CsNO3 (1 M) and NH4NO3 (1 M), but mostly desorbed by NaNO3 (1 M), 
LiNO3 (1 M), HCl (0.1 M) and HNO3 (0.1 M). 137Cs was hardly desorbed from the WB by natural seawater in 
spite of abundant Na+ (0.47 M). The desorption experiments with NaCl + KCl solution indicated that K+ inhibited 
137Cs desorption from WB in the seawater. Such dependence of the desorption behavior of WB on the electrolyte 
solutions was found to be corresponding to the collapse of the hydrated interlayer by K+, Cs+ and NH4

+, from X-ray 
diffraction analyses. Desorption of 137Cs by HCl and HNO3 is probably by the dissolution of the surface biotite 
layers where 137Cs was trapped. In case of ferruginous smectite which also sorbs Cs efficiently, the sorbed 137Cs 
was almost desorbed by natural seawater. 

If the duration for the sorption was longer than around one week, 137Cs in WB became hardly desorbed even by 
the treatment with the solutions of NaNO3 and LiNO3, suggesting that Cs sorbed in WB became more stable with 
time. Probably Cs sorbed in WB has migrated with time, to find more attractive interlayer sites in WB. These re-
sults imply that radioactive cesium sorbed in the granitic soil in Fukushima is very stable and almost difficult to be 
desorbed by electrolyte solutions including seawater, as almost six years have passed after the accident.

[1] Mukai, H., Hatta, T., Kitazawa, H., Yamada, H., Yaita, T., Kogure, T. (2014). Speciation of radioactive soil particles in the Fukushima 
contaminated area by IP autoradiography and microanalyses, Environmental Science & Technology, 48, 13053-13059.

[2] Mukai, H., Hirose, A., Motai, S., Kikuchi, R., Tanoi, K., Nakanishi, TM., Yaita, T., Kogure, T. (2016). Cesium adsorption/desorption 
behavior of clay minerals considering actual contamination conditions in Fukushima, Scientific Reports, 6, 21543.
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Although recent transmission electron microscopy has attained a resolution less than one angstrom, it is often 
difficult to demonstrate such performance for beam-sensitive clay minerals. On the other hand, high-resolution 
(HR) imaging with high-quality to obtain the information for stacking sequence, cation distribution, planar de-
fects, interstratification, etc. in clay minerals is still demanding. One of the authors has been struggling against 
this problem for about two decades. Although it is not a quantitative result, electron energy does not influence the 
degradation speed of clay minerals significantly. Although rise of the specimen temperature by radiation definitely 
accelerates the radiation damage, specimen cooling using a cold-stage holder was not effective, probably due to a 
low heat conductivity of clay minerals.

A successful way to obtain HR images from beam-sensitive clay minerals is to reduce electron dose on the spec-
imen and record the images before amorphization. Kogure et al. [1] succeeded for the first time in recording HR 
images of tubular halloysite, which is extremely beam-sensitive among clay minerals, using a new TEM with com-
puter-assisted minimal dose system [2]. In the system, electron pre-dose before recording images was minimized 
by a factor of ~ 100 compared to the experiments using conventional TEMs. 

Very recently a new CMOS type camera with a high performance, Gatan OneView, has been commercialized. 
This high sensitivity camera can acquire images of 4K x 4K pixels with a rate of ~ 25fps. Using the camera, HR 
images can be recorded continuously like “video”. By moving the TEM stage carrying dispersed clay minerals 
during video recording, HR images can be obtained without electron pre-dose, if we encounter grains with proper 
crystal orientation and specimen height. Such opportunity is sufficiently expected for specimens such as halloysite 
with a tubular form. 

This figure is an example of the successful images using OneView camera. The TEM used was a JEOL ARM-200F 
with a cold-type field emission gun operated at 200 kV and a CEOS hexapole Cs-corrector for the image-forming 
lens. Five continuous images were accumulated to improve the S/N ratio. Two-dimensional lattice contrast similar 
to our previous work [1] is clearly visible.

This work was supported by NIMS microstructural characterization platform as a program of “Nanotechnology Platform” of the Ministry of 
Education, Culture, Sports, Science and Technology (MEXT), Japan.

[1] Kogure, T., Mori, K., Kimura, Y., Takai, Y. (2011). Unraveling the stacking structure in tubular halloysite using a new TEM with comput-
er-assisted minimal-dose system. American Mineralogist, 96, 1776-1780.

[2] Hayashida, M., Nomaguchi, T., Kimura, Y., Takai, Y. (2007). Development of computer-assisted minimal dose system with beam blanker 
for TEM. Micron, 38, 505-512.
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Topotactic conversion of layered silicates through interlayer condensation has attracted much attention as an al-
ternative route to the synthesis of zeolites [1]. The conversion of layered silicates into zeolites is advantageous 
to obtain unique frameworks, new compositions, and morphologies. In many cases, the control of the stacking 
sequence of silicate layers by intercalation of organic compounds is essential for interlayer condensation [1]. But, 
this method suffers from the formation of defects in the products caused by gradual elimination of interlayer or-
ganic compounds during calcination. Recently, we have reported that refluxing of layered octosilicate intercalating 
organic compounds in N-methylformamide (NMF) is effective to interlayer condensation without the elimination 
of the interlayer organic compounds [2]. The residual organic compounds were removed by calcination after the 
interlayer condensation. However, the applicability of this method to other layered silicates has not been fully 
understood. Layered silicate RUB-15 ([(CH3)4N]8[H8Si24O56]·20H2O) is converted to SOD-type zeolite (sodalite) 
by intercalation of acetic acid and calcination, though the resultant silica sodalite contains a small amount of 
defects and an amorphous phase [3,4]. In this study, we focus on the application of the refluxing method for the 
topotactic conversion of RUB-15 to silica sodalite with less defects. RUB-15 was stirred in 6 M acetic acid for 
3 h for the exchange of interlayer cation ((CH3)4N

+) with acetic acid (denoted as Ac-RUB-15) according to the 
previous reports [3,4]. Ac-RUB-15 was then refluxed in NMF at 180 °C for 1 h for interlayer condensation (denot-
ed as NMF(180rf)-Ac-RUB-15). The residual organic compounds were removed by calcination at 800 °C for 5 h 
(denoted as cal-NMF(180rf)-Ac-RUB-15). The powder XRD pattern of Ac-RUB-15 shows that the basal spacing 
of Ac-RUB-15 largely decreases from that of RUB-15 by 0.64 nm, and the CHN data show that the amounts of N 
decreased, indicating that interlayer cation was mostly exchanged with acetic acid. The conversion of Ac-RUB-15 
into sodalite through refluxing in NMF was confirmed from the powder XRD pattern of NMF(180rf)-Ac-RUB-15. 
The 29Si MAS NMR spectrum of NMF(180rf)-Ac-RUB-15 shows Q4 signal at -115 ppm, and the substantial de-
crease in the intensity of Q3 signals; thus, most of the interlayer Si-OH groups were condensed between the layers. 
The SEM images show that the platelike morphology was retained after refluxing, indicating that RUB-15 was 
topotactically converted to silica sodalite. In addition, the FT-IR spectrum of NMF(180rf)-Ac-RUB-15 shows 
the absorption bands due to C=O and N-H, originating from the organic compounds present inside the sodalite 
framework. After calcination, all XRD peaks of cal-NMF(180rf)-Ac-RUB-15 assignable to sodalite were fully 
retained. The removal of the residual organic compounds such as NMF, acetic acid, and their decomposed products 
was confirmed from the CHN results. The 29Si MAS NMR spectrum of cal-NMF(180rf)-Ac-RUB-15 shows that 
the intensity of the broad Q3 signal substantially decreased, if compared with those of the other calcined samples 
(that prepared by direct calcination of Ac-RUB-15 as previously reported [3,4], and that prepared by intercalation 
of NMF at room temperature with stirring and subsequent calcination). These results indicate that silica sodalite 
with lesser amounts of defects was obtained. In conclusion, silica sodalite was successfully prepared by refluxing 
layered silicate RUB-15 intercalating acetic acid, in NMF. The refluxing method is quite useful for interlayer con-
densation of RUB-15 without elimination of interlayer organic compounds, which leads to the formation of lesser 
amounts of defects, if compared with the conventional calcination method.

[1] Marler B., Gies H. (2012). Hydrous layer silicates as precursors for zeolites obtained through topotactic condensation. Eur. J. Mineral., 
24, 405-428. 

[2] Asakura Y., Osada S., Hosaka N., Terasawa T., Kuroda K. (2014). Optimal topotactic conversion of layered octosilicate to RWR-type 
zeolite by separating the formation stages of interlayer condensation and elimination of organic guest molecules. Dalton Trans., 43, 
10392-10395. 

[3] Moteki T., Chaikittisilp W., Shimojima A., Okubo T. (2008). Silica sodalite without occluded organic matters by topotactic conversion of 
lamellar precursor. J. Am. Chem. Soc., 130, 15780-15781. 

[4] Moteki T., Chaikittisilp W., Sakamoto Y., Shimojima A., Okubo T. (2011). Role of acidic pretreatment of layered silicate RUB-15 in its 
topotactic conversion into pure silica sodalite. Chem. Mater., 23, 3564-3570.
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In this research, X-ray diffraction, scanning electron microscopy (SEM), thermogravimetry (TGA) and varia-
ble Fann viscometer was used in order to identify and determine the physical properties of drilling fluids those 
composed of different origin clay samples. All the drilling fluid formulations was prepared according to the API 
RP-13B.

The XRD analysis of bentonite samples showed that the major clay mineral constituents comprise smectite and 
montmorillonite. Quartz, kaolinite, mica, cristobilite, and illitewas also present at minor amounts. The bentonite 
samples also included minor amounts of mixed-layer illite-smectite and chlorite. In the scanning electron micros-
copy (SEM), it was observed that the quartz grains were covered with clay mineral layers and aggregated by thin 
chains of clay mineral particles. In the thermogravimetric analysis (TG/DTG) of different clay samples, distinct 
weight loss regions were observed in different heating rates. The weight loss region between 20-80 °C is attributed 
to the loss of physically bonded water from the exchange layer. The second weight loss region was attributed 
mainly to the loss of structural water (lattice water).

Six different (600, 300, 200, 100, 6, and 3) readings at standard Fann viscometer speeds were determined in order 
to estimate the rheological model parameters of drilling fluids The concepts involving shear stress and shear rate 
and their measurements enable to identify the mathematical description of the flow of drilling fluids. The amount 
of force applied to a fluid determines the shear rate; on the other hand, drilling fluid behavior resistance of the 
fluid to the applied rate of shear or force is called the shear stress. Most drilling fluids do not confirm exactly to 
any of the proposed models, but drilling fluid behavior can be predicted with accuracy sufficient for practical pur-
poses by one or more of them. There are many proposed models in the literature, some of them are widely used 
and accepted, while use of some are very limited. Four different rheological models known as Bingham Plastic, 
Power-Law, Hershel-Bulkley, and Robertson-Stiff was used by explicitly solving the required number of equations 
simultaneously [1-2]. 

Different statistical techniques (variance, standard deviation, coefficient of variation, mean and sum square error, 
skew, mean and median) were also used in order to see how calculated shear stress values was closed to the ob-
served values. It was observed that Power Law model best represented this relationship.

[1] Ramos-Vianna, M.M., Dweck, J., Kozievitch, F.J., Buchler, P.M. (2005). Characterization and study of sorptive properties of differently 
prepared organoclays from Brazilian natural bentonite. J. Therm. Anal. Calor., 82: 595-602. 

[2] Robertson, R.F., Stiff, H.A. (1976). An improved mathematical model for relating shear stress to shear rate in drilling fluid and cement 
slurries. Soc. Pet. Eng., 2: 31-38.
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In this research, the effect of heating rate and different clay concentrations on heavy crude oils in limestone matrix 
was investigated by differential scanning calorimeter (DSC) in which the heat flow rate of the samples as functions 
of temperature were recorded continuously. DSC experiments were performed at three different heating rates (3, 5 
and 10 K min-1) under an air flow rate of 50 ml min-1. Prior to experiments, temperature calibrations of the differ-
ential scanning calorimeter (DSC) were performed using indium as reference. Reproducibility of the experiments 
was acceptable and the experimental data presented corresponds to the different operating conditions are the mean 
values of the runs carried out twice within the experimental error of less than ±0.5%.

Two different reaction mechanism were observed known as low temperature oxidation (LTO) and high tempera-
ture oxidation (HTO) reactions. These two reaction regions involve quite different chemical reactions, but occur 
across overlapping temperature ranges. With the addition of clay concentrations (10 and 20 wt.%) the reaction 
regions, temperature intervals and the corresponding peak temperatures are shifted to lower temperatures regions. 
This is the indication that the addition of clay to porous matrix significantly affects the fuel deposition and high 
temperature oxidation regions.

In the kinetic analysis two different methods were used. For both models, divergences appeared in the activation 
energy values that can be explained with the different equation parameters and assumptions that those models are 
based on. It was observed that as the clay content in the porous matrix increased from 10 to 20 wt%, activation 
energy values are decreased in the same order.

[1] Kuppe, G.J. Mehta, S.A. Moore, R.G. Ursenbach, M.G. Zalewski, E. (2008). Heat of Combustion of Selected Crude Oils and Their SARA 
Fractions, J. Canadian Petroleum Technology 47-1: 38-42.

[2] Razzaghi, S. Kharrat, R. Vossoughi, S. Rashtcian, D. (2008). Feasibility Study of Auto Ignition in In-situ Combustion Process. J. Japan 
Petroleum Institute, 51-5: 287-297.
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This contribution will be a summary of our extensive investigation of Lieskovec bentonite (Central Slovakia) and 
its fine fractions. This bentonite was developed from andesitic pyroclastics and redeposited after a short distance 
transport, which added quartz to the bentonite [1]. Greater iron content in bentonites affects the clay colour, fre-
quently making it yellowish or even brownish. This is often the consequence of having a part of total iron extrane-
ous to smectite layers, bound in iron oxides or oxohydroxides, typically in goethite. From systematically sampled 
Lieskovec deposit the clay samples show an iron-rich montmorillonite as the main mineral, whereas the admix-
tures present in all samples include kaolinite, quartz, cristobalite and plagioclase, while muscovite and orthoclase 
appear in most samples. The bentonite is relatively homogeneous as is demonstrated by chemical composition and 
quantitative analysis using Rietveld refinement. Total Fe2O3 content (5-9 wt.%) in Lieskovec samples is higher 
than in most other Slovak bentonites. Mössbauer spectroscopy shows that Fe(II) covers less than 5 wt.% of total 
Fe. Goethite and/or hematite are not present in all clay fractions separated from the raw bentonite and they contain 
up to 26 wt.% of total Fe. Low tetrahedral Al and octahedral Mg substitutions cause that the smectite is of lower 
charge than montmorillonite separated from the better known Slovak bentonite Stará Kremnička - Jelšový potok. 
This is in accord with the absence of the AlMgOH bending vibration in the IR spectra of the Lieskovec samples.

Enhancement of geotechnical parameters of Fe-rich bentonite of lower smectite content (L = Lieskovec, 29-56% 
montmorillonite) by addition of an Al-rich bentonite of higher smectite content (JP = Jelšový potok, 64% montmo-
rillonite) was on materials with L:JP mass ratios of 65:35, 75:25 and 85:15. Addition of more expensive Ca2+-JP 
to Ca2+-L bentonite caused increase in some geotechnical properties, such as liquid limit (wL) by 20% and water 
adsorption measured by Enslin test (ES) by 50% compared to raw Ca2+-L samples; however, the parameters were 
still insufficient for applications of Ca2+-blends for sealing purposes. After natrification of the blends with soda 
ash the geotechnical parameters markedly improved. The primary factor affecting the geotechnical properties of 
the blends in this series was smectite content in L bentonite along with the L:JP ratio. Higher smectite and higher 
JP contents caused increased liquid limit and water adsorption by Enslin test values and decreased permeability 
coefficients. The highest wL and ES values for the Na-L11/JP blend resulted from the highest smectite content in 
L11 (56%) while low values for Na-L5/JP blend were the consequence of the lowest smectite content in L5 (29%). 
Natrification of Ca2+-L samples to their Na+-counterparts resulted in increased liquid limit values by 95% in com-
parison with the Ca2+-forms and water adsorption by Enslin test by 65%. Permeability coefficients of the order 
of 10-11 m.s-11 for all the blends were sufficiently low. The liquid limit and water absorption values of the blend 
containing 65 mass % of Na+-L and 35 mass % of Na+-JP bentonites fulfilled all the requirements on geotechnical 
parameters of bentonites used in GCLs, the details are available [3] and will be discussed in the presentation.

[1] Sucha V., Galko I., Madejova J., Kraus I. (1996). Mineralogical and crystallochemical characteristics of bentonite from Zvolenska Slatina 
region. Mineralia Slovaca 28, 129-134 (in Slovak).

[2] Andrejkovicova, S., Janotka, I., Komadel, P. (2008). Evaluation of geotechnical properties of bentonite from Lieskovec deposit, Slovakia. 
Applied Clay Science 38, 297-303.

[3] Andrejkovicova, S., Rocha, F., Janotka, I., Komadel, P. (2008). An investigation into the use of blends of two bentonites for geosynthetic 
clay liners. Geotextiles and Geomembranes, Vol. 26, 2008, 436-445. 
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Kanemite is a layered sodium silicate (NaHSi2O5·3H2O), that possesses the ability to exchange its interlayer cat-
ions [1]. Thus the intercalation of the mineral with cationic surfactants is relatively easy and is done through the 
ion-exchange process. The organo-kanemite is an excellent precursor for further modifications leading to a mate-
rial with novel and functional properties. Photoactive layered materials are produced through the combination of 
a layered structure and a photoactive organic compound such as azobenzene (Az). Az molecule in normal condi-
tions occurs in the form of a stable trans-isomer. UV radiation induces the conformational change of Az into the 
metastable cis-isomer and the reaction is reversible [2]. The isomerization of Az molecules intercalated into the 
interlayer space of a layered mineral influences the whole organo-mineral complex. Appropriately designed photo-
active complexes may serve as unique devices controlled remotely with light at nanoscale. The research objective 
was to synthesize a kanemite-azobenzene material that performs UV induced basal spacing shifts.

The kanemite synthesis was based on the procedures proposed in previous reports [3,4]. The obtained mineral was 
ion-exchanged with alkylammonium surfactants: alkyltrimethylammonium - Cn and alkylbenzyldimethylammo-
nium - BCn ions, where n stands for the number of carbon atoms in the alkyl chain and is equal to 12,14, and 16. 
Subsequently the organo-kanemite samples were ground with Az at 0.2 weight ratio and the mixture was heated 
at 80 °C for 24 h. The modified samples were characterized with XRD, FTIR and CHN elemental analysis. The 
Az-kanemites were treated with UV light (365 nm, 10 mW/cm2) for 0.5 h and immediately after that the XRD 
patterns were collected. 

The ammonium salts intercalation resulted in the d001 basal spacing increase. The d001 values were equal to ~25 
Å for C16 and BC16, ~27 Å for BC14 and BC12 and ~34 Å for C14 and C12. This values suggested a paraffin type ar-
rangement of the molecules. The FTIR spectra revealed bands attributed to the C-H group vibration at 3000-2800 
cm-1 and ~1500 cm-1 regions. Also the CHN elemental analysis confirmed the presence of organic molecules, as 
the content of the elements increased significantly. From the nitrogen content the molar content of surfactants was 
calculated. It varied between 1.83 and 3.52 mmol/g of kanemite and was highest for C14 and BC14 intercalates. 
Reaction with Az induced further increase of the basal spacing by additional 2.0 to 5.5 Å. The largest d001 increase 
was observed for the C16 - 5.5 Å, for BC16 - 3.9 Å and C14 intercalates - 3.4. The BC14 and BC12 derivatives showed 
a ~2 Å increase, while for C12 no change occurred. The elemental analysis showed a relatively low amount of 
intercalated azobenzene molecules. The largest Az content was intercalated into the C14 and C16 derivatives: 0.32 
and 0.38 mmol/g, respectively. For BCn samples it varied from 0.11 to 0.18 mmol/g. For C12 no increase of CHN 
elements was observed, which is consistent with the XRD results and suggested unsuccessful Az intercalation. 
Upon exposure to UV light the Az intercalated kanemites showed slight but evident d001 decrease from 0.3 Å up to 
1.2 Å. The magnitude of the photoresponse effect depended mainly on the type of pre-intercalated surfactant - the 
alkyl chain length and the presence of benzyl ring at the ammonium head. 

This project was funded by the National Science Centre, Poland under research project no. 2014/13/B/ST10/01326.

[1] Garvie L.A.J., Devouard B., Groy T.L., Camara F., Buseck P.R. (1999). Crystal structure of kanemite, NaHSi2O5•3H2O, from the Aris 
phonolite, Namibia. American Mineralogist, 84, 1170-1175.

[2] Russew M.-M., Hecht S. (2010). Photoswitches: From Molecules to Materials. Advanced Materials, 22(31), 3348-3360.
[3] Michalik-Zym A., Zimowska M., Bahranowski K., Serwicka E.M (2007). Layered sodium disilicates as precursors of mesoporous silicas. 

Part I: optimalisation of the synthesis procedure of δ-Na2Si2O5 and α-Na2Si2O5. Mineralogia Polonica, 38(2), 151-160.
[4] Beneke K., Lagaly G. (1977). Kanemite - innercrystalline reactivity and relations to other sodium silicates. American Mineralogist, 62, 

763-771.
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Photoactive layered materials are derived from the combination of a layered inorganic structure (e.g. clay mineral) 
and the organic photoactive compound. Among the latter, the azobenzene derivatives attract much attention in 
many fields of science connected with photochemistry. The azobenzene molecule normally occurs in a trans-iso-
mer form which isomerizes into the metastable cis-isomer upon UV radiation. This is accompanied with change of 
the molecule shape and dimensions. The reverse cis to trans reaction occurs spontaneously and it may be accelerat-
ed with Vis light or heat [1]. The immobilization of azobenzene in a solid structure leads to a novel and functional 
material with properties controlled remotely with light, at the atomic scale [2]. The research goal was to synthesize 
a hybrid organo-smectite material that exhibits d001 basal spacing shifts upon the UV light.

SWy smectite from Wyoming deposit (USA) and BId beidellite from Idaho deposit (USA) were ion-exchanged 
with a series of akylammonium surfactants. These included: Cn - alkyltrimethyl ammonium ions and BCn - alkylb-
enzyldimethyl ammonium ions, where n = 12, 14, and 16, indicates the number of carbon atoms in the alkyl chain. 
The resultant organo-smectites were reacted with azobenzene (Az) in 120 °C for 24 h at 0.2 Az/organo-smectite 
weight ratio. The products were characterized with XRD, FTIR, and CHN analysis. In order to investigate the pho-
toresponsive behaviour the Az-smectites were treated with UV light (365 nm, 15 mW/cm2) for 1 h and the changes 
were monitored with the XRD and FTIR analysis.

The first modification step resulted in the increase of the basal spacing for both the SWy and the BId ion-exchanged 
samples. The d001 values varied from 16 to 26 Å, depending on the alkyl chain length, which corresponded to the 
bilayer to pseudotrimolecular arrangement of the surfactant molecules. The C-H stretching and bending vibration 
bands appeared respectively in the 3000-2800 cm-1 and 1500-1400 cm-1 regions of the FTIR spectra. The elemen-
tal analysis revealed an increasing number of intercalated molecules along with the increasing alkyl chain. The 
intercalated surfactants fully balanced the CEC of smectite. The Az co-intercalation induced further changes of the 
XRD pattern. The BId derivatives, regardless of the pre-intercalated salt, showed high d001 values between 30 and 
33 Å and an integral series of 2nd and 3rd order reflections. Similar results were observed for SWy-C16, -BC14, and 
BC16 intercalates. Whereas no or insignificant changes of d-value appeared for the SWy-C12, -C14 and BC12. Even 
though, the presence of Az was confirmed in all samples by the FTIR spectra, which revealed new bands mainly 
in the 820-760 cm-1 region. From the elemental analysis the Az/organic cation molar ratio was calculated as ~1.0 
for SWy and ~1-2 for BId intercalates. 

UV radiation induced the basal spacing shifts in the Az intercalated smectites. In case of the SWy samples the 
shifts were relatively small and irregular, while all the BId derivatives showed significant decrease of d001 upon UV. 
The photoresponses varied between 0.4 and 2.1 Å. The largest effects were observed for the intercalates with short 
alkyl chains (C12 and BC12) and they decreased with the increasing alkyl chain length. The photoresponsive reac-
tion was reversible after two cycles of alternating UV and Vis radiation. The isomerization of Az was confirmed in 
the FTIR spectra as the reaction affects the intensity of 760 cm-1 band, which is sensitive to the presence of trans 
or cis Az form. Summarizing the results it may be concluded that the principal factors influencing the effective 
photoresponses are the location and magnitude of layer charge, as these are the main differences between SWy and 
BId minerals. Also the low occupation of the interlayer space with surfactants promoted larger photoresponses, 
probably because it provided more space for Az isomerization.

This project was funded by the National Science Centre, Poland under research project no. 2014/13/B/ST10/01326.

[1] Russew M.-M., Hecht S. (2010). Photoswitches: From Molecules to Materials. Advanced Materials, 22(31), 3348-3360.
[2] Klajn R. (2010). Immobilized azobenzenes for the construction of photoresponsive materials. Pure and Applied Chemistry, 82(12), 2247-

2279.
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ASSESSMENT AND UPGRADE OF MEDIUM-LOW GRADE BENTONITES 
FROM CHIOS AND SAMOS ISLANDS AND WESTERN THRACE, GREECE 
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Bentonites are important industrial clays rich in smectite with unique intrinsic properties such as high cation ex-
change capacity, swelling behavior, adsorption properties and large surface area. Organically modified smectites 
have attracted intense research interest because they allow the development of high added value materials with 
novel applications in a variety of uses. Recently, medium-low grade bentonite deposits from the islands of Chios 
and Samos, eastern Aegean and from areas of Thrace (Skaloma, Feres, Sappes), NE Greece have been assessed 
for their mineralogical and geochemical characteristics and for their potential use in traditional industrial appli-
cations [1]. The bentonite samples were classified according to the layer charge of the smectites present, follow-
ing the characterization scheme of Christidis et al. (2006) [2]. The smectites in Chios and Samos bentonites are 
medium-high charge montmorillonites whereas their Thracian counterparts contain montmorillonites with more 
variable compositions and Fe-rich beidellites [1]. 

Surface modification of the montmorillonite present in the different bentonite samples with alkylammonium salts 
has produced a series of organophilic end-products. Na-activated montmorillonite was treated with dodecylamine 
(DDA) and hexadecylamine (HDA) as organo-surfactants each with concentrations of 200%, 100% and 50% of 
the CEC. Double-layer configuration was developed in both DDA and HDA for the concentrations of 200% and 
100% of the CEC whereas monolayer arrangement was observed for the 50% of CEC. Nevertheless, all samples 
were rendered organophilic even at the lowest alkylammonium concentrations, thus making them suitable for a 
number of industrial applications. The mean layer charge of the smectites calculated from the structural formula is 
larger than the layer charge determined after alkylammonium exchange.

In addition the bentonite samples were acid activated with 3N H2SO4 at ~70 °C and a solid liquid ratio 1:10. In ben-
tonites from Thrace, acid treatment resulted in almost total dissolution of the clay structure which led to a signifi-
cant decrease in the d(001), the disappearance of the d(003) reflection, and an increase in the background between 
20° and 30° 2θ due to the deposition of amorphous silica caused after the attack on the octahedral sheet during acid 
treatment. The Samos and Chios bentonites were partially dissolved with a decrease in the d(001) reflection and its 
progression to lower d-spacing values. Preliminary tests showed that they are suitable for crude oil clarification.

Finally, the montmorillonites treated with DDA were used for the preparation of clay/polymer nanocomposites 
with Diglycidyl ether bisphenol A (DGEBA, RenLam CY-219 epoxy resin), and a mixture of polyamines name-
ly polyoxypropylenediamine, isophorone diamine, trimethylhexamethylenediamine, 4,4’-isopropyl-hexamethyl-
ene-diamine and benzyl alcohol (Ren HY 5161, hardener). Upon DGEBA intercalation into the montmorillonite 
interlayer all nanocomposites showed d-spacings determined by the initial d-spacing of the organically modified 
montmorillonite. As a next step, the nanocomposites will be fully characterized and their mechanical strength will 
be determined. The results of the present study show that these medium-low grade bentonites could be used in high 
added-value applications after processing.

Acknowledgements: this work was based on the research project: ‘Evaluation of Industrial Minerals for the Production of Nanomaterials and 
for new Industrial-Technological Applications” which is part of the project: “Exploration and Evaluation of Selected Indigenous non-energy 
Mineral Raw Materials aiming at Sustainable Operation of the Extractive Industry”, funded by the National Strategic Reference Framework 
(NSRF) 2007-2013.

[1] Koutsopoulou E., Christidis G.E., Marantos, I. (2016). Mineralogy, Geochemistry and physical properties of bentonites from the Western 
Thrace Region and the Islands of Samos and Chios, East Aegean, Greece. Clay Minerals, 51, pp. 563-588.

[2] Christidis G.E., Blum A.E., Eberl D.D. (2006). Influence of layer charge and charge distribution of smectites on the flow behaviour and 
swelling of bentonites. Applied Clay Science, 34, pp. 125-138.
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MULTISCALE MODELING OF KAOLINITE AGGREGATION IN AQUEOUS 
ELECTROLYTE SOLUTIONS AND IN NON-AQUEOUS MEDIA
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Clay minerals have specific adhesion and adsorption properties of dramatic importance for scientific problems 
and technological applications. They range from DNA adsorption on clay minerals to biomedical applications 
for absorption of toxic compounds and heavy metals, filtration, wastewater treatment, and sustainable catalysts 
for organic reactions, to polymer-clay nanocomposites for membranes, functional, and building materials. Criti-
cal is understanding of molecular forces driving adsorption of molecules and nanoparticles on clays in different 
complex solvent environments. This provides access to optimization and design of new clay based materials and 
processes, in particular, overcoming a conceptual gap in the understanding of their behaviour and characteristics in 
non-aqueous environment. Theoretical understanding of molecular mechanisms governing the behaviour of clays 
in aqueous and non-aqueous solutions gives a fundamental insight into their functioning and reveals perspectives 
in building new highly efficient clay based systems for control of materials.

Towards these goals, we have been studying in particular the behaviour of organic polymers such as ethyl cellulose 
in water and in a mixture of cyclohexane and toluene organic solvents at the surface of kaolinite and illite nanopar-
ticles. The calculation shows the dependence of the polymerization degree on the properties of the organic solvents 
and the temperature and pressure change considerably shifting the polymerization degree. The calculations predict 
that kaolinite platelets aggregate due to face-to-face, edge-to-face, and edge-to-edge interactions, and reveal the ef-
fect of the change in the solution temperature and pressure conditions on the platelets aggregation behavior. These 
phenomena have strong effect on bioadsorption on clays and on flocculation of clay nanoparticles in non-aqueous 
as well as aqueous electrolyte solutions with polymeric additives. This also has substantial effect on the morphol-
ogy of clay assemblies in dispersion in aqueous and non-aqueous solvent mixtures.
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Molecular modelling calculations based on empirical force fields can be used for structure characterization of a 
wide range of organo-inorganic hybrid materials. In combination with X-ray diffraction, FTIR spectroscopy and 
TG analysis they can provide a detailed view on the structure arrangement of the guests in the interlayer space and 
can explain the relationship between the structure and observed properties of investigated materials. We report the 
results on the following organo-inorganic structures:

i) Adsorption of thiabendazole on Na-montmorillonite (Mt) and two organomodified montmorillonites. The differ-
ent interactions of the fungicide thiabendazole (TBZ) on montmorillonite clay and two organo-clays (phosphati-
dylcholine (DSPC) and octadecyl trimethylammonium (ODTMA) bromide) were deeper investigated in order to 
use these systems in water remediation, where adsorption was the driving mechanism. The simulations provided 
a detailed view on the orientation of TBZ and by comparing the interaction energies in the models we were able 
to determine which form of TBZ(TBZ0 or TBZH+) was likely present in the investigated samples. The interac-
tion energies between TBZ (TBZ0 and TBZH+) and Mt surface or organically modified Mt surface were related 
to desorption properties of investigated samples. In case of Wy-TBZ strong electrostatic interactions (-240 kcal/
mol) prevented TBZH+ from desorbing out of Mt surface. In case of WyODTMA there were weak van der Waals 
interactions (-7 kcal/mol) between TBZ0 and the organic surface formed by ODTMA cations. TBZ0 was located 
only organic surface, and a small amount of TBZH+ was located on Mt surface, which can explain 82% desorption 
of TBZ. Lower desorption (53%) of TBZ in case of WyDSPC-TBZ can be ascribed to the fact that part of TBZ0 
molecules was immersed among DSPC chains and exhibited stronger attractive interactions (-37 kcal/mol) with 
the surfactants. It led to a more difficult release than in the case where TBZ0 is located only on the surface formed 
by head groups of DSPC and has weaker interactions (-16 kcal/mol) with the surfactants.

ii) Simulations of metal organic framework (PCN - 222) modified with diphenylphosphinic acid (DPPA). The aim 
was to describe the structure and energy characteristics of the system. Experimental measurements revealed that 
every SBU unit contained 2 - 3 DPPA. The DPPA molecule can be bonded to SBU unit in a chelate or bridging 
coordination. In order to distinguish if the bridging or the chelate coordination of DPPA molecule is more probable, 
we compared total energy of calculated models. One could see that the bridging coordination exhibited significant-
ly lower energy values with respect to the chelate one indicating that a bridging coordination could be favoured to 
a chelate coordination. The value of total energy depended also on the number of DPPA molecules bonded to SBU 
units. The total energy was higher for the models with 3 DPPA molecules in comparison to the models contain-
ing only 2 DPPA molecules. This is consistent with the results of elemental analysis. In the sample with 2 DPPA 
molecules per SBU unit there was a fast binding of DPPA molecules to SBU units (DPPA molecules in the models 
aimed to the MOF pore) while in the sample with 3 DPPA molecules per SBU units 10 times higher concentration 
of DPPA was necessary for binding due to a steric hindrance. 
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K-Ar dating of maximum diagenesis is widely used in geology for thermal history reconstruction in sedimentary 
basins. Various research centers give different sizes measurement error (from 1 to 10 Ma), which should be taken 
for the results. Usually the reported measurement bias responds only to standard operating procedure of an indi-
vidual laboratory and is estimated by that laboratory. The main aim of this study was to find out what the real error 
should be taken into account as the real error when interpreting geological K-Ar dating results. For this purpose 
an interlaboratory comparison with the participation of four well-known laboratories was organized. Free of them 
are performing measurements by K-Ar method and one by Ar-Ar method with the use of the capsule technique 
specially adapted for very fine clay materials. Following scientists took part in the interlaboratory comparison: 
Stanislaw Hałas and Artur Wojtowicz from the University in Lublin (K-Ar), Klaus Wemmer from the University of 
Göttingen (K-Ar), Yakov Kapusta from ACTLAB laboratory in Canada (K-Ar) and Chris Hall from the University 
of Michigan in the USA (Ar-Ar). Test samples was previously analysed by Jan Środoń and Michał Banaś from 
Institute of Geological Science of Polish Academy of Sciences - Research Center in Krakow in Poland (Kowalska, 
2008).

The research material consisted of Silurian and Ordovician bentonites from the polish part of the East European 
Platform. Samples come from different boreholes drilled lately by PGNiG S.A. during intensive shale gas explo-
ration in Poland. Silurian and Ordovition strata in that region are very reach in volcaniclastic layers, which shows 
also different thicknesses from millimetres to more than 3 m.

Interlaboratory comparison was carried out on three test samples. From each test sample four different grain frac-
tions <0.02, 0.02-0.05, 0.05-0.2 and 0.2-2 µm were separated at the Institute of Geological Sciences in Krakow. 
Samples were splited by quartering, encrypted and sent to the laboratories participating in the comparison. 

All laboratories (despite of the Środoń and Banaś Lab) obtained very similar results for the three finest fractions. 
The fraction 0.2-2 µm gave distinctly older ages, which proves an admixture of detrital material. The results of 
K-Ar and Ar-Ar dating, show that dating of diagenetic age is possible for a fraction less than 0.2 µm. Based on the 
results of interlaboratory comparison, it is also clearly visible that the most difficulties arise from the determination 
of potassium as for this element greater dispersion of results was achieved.

Comparison of the results achieved from laboratories taking part in the research clearly indicates that the actual 
measurement errors range up to +/- 10 Ma. Significantly younger ages obtained with the Ar-Ar method confirm 
the large influence of the Ar escape effect from the very fine grained samples, the so called “recoil effect” (e.g. 
Hall, 2013). 

The above observations were confirmed by further studies carried out simultaneously for 60 bentonite samples 
from 10 other boreholes using only less than 2 µm fraction. It was also proved that in case of the Silurian and 
Ordovitian complex in Poland the thickness of bentonite layer do not influence the K-Ar results and all of them 
are suitable to date the maximum of thermo diagenesis. Very consistent results were achieved for the whole range 
of bentonites thicknesses.

[1] Kowalska S. (2008). Border of diagenesis and anchimetamorphism in Upper Proterozoic and Cambrian rocks of E part of Małopolska 
block established by clay mineral studies. PhD thesis, Institute of Geological Sciences PAN, Kraków, Poland, 238 pp.

[2] Hall C. (2013). Direct measurement of recoil effects on 40Ar/39Ar standards. Geological Society, London, Special Publications 378: 
53-62.



Scientific Research Abstracts
Vol. 7, p. 431, 2017
ISSN 2464-9147 (Online)
XVI International Clay Conference | ICC 2017 | Granada, Spain
© Author(s) 2017. CC Attribution 3.0 License

CLAY MINERALS IN THE CARBONIFEROUS SANDSTONES IN THE 
SOUTH-EASTERN PART OF THE LUBLIN BASIN (POLAND)

kozłoWska aleksandra
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The paper presents petrographical, mineralogical and geochemical results of clay minerals of the Carboniferous 
sandstones. The research materials came from seven boreholes. The following research methods were used: polar-
izing microscope, scanning electron microscope, X-ray, infrared analysis and K-Ar dating of authigenic illite. The 
analyzed sandstones represent deposits of the Visean - Bashkirian age. They were formed in the river and delta 
channels, river and delta flood plains and crevasse plays. 
The sandstones are represented mainly by subarkosic, quartz and sublithic arenites and wackes. The sandstones are 
cemented by matrix and/or by cement. The matrix is mostly formed by detrital clay minerals or their mixture with 
a quartz dust. The cement is composed of the diagenetic minerals, among which clay minerals (kaolinite, dickit, 
illite, chlorites and mixed-layered illite/smectite) are the main components besides quartz and carbonates. 
Kaolinite is the main clay mineral of the Carboniferous sandstones. Two types of morphological kaolinite, ver-
miform and blocky can be observed in the whole profile. The infrared analysis revealed the presence of kaolinite, 
kaolinite with dickite intergrowths and dickite. 
Illite occurs in the form of very small plates, resembling elongated laths, needles and fibers. The X-ray analysis 
identifed two illite polytypes: the variety 1M - which is attributed to diagenetic origin and the variety 2M1 indicat-
ing a detrital origin. The K-Ar age of illite crystallization were determined in two samples and the data indicate the 
beginning of the crystallization age of diagenetic illite in the Permian about 260 My ago. 
Most of chlorites usually occur in dispersed form in the rock cement and are known as allogenenic minerals. The 
authigenic chlorites create two forms: rims (Fe-chlorite) and a filling of pore space (Fe-chlorite and Mg-chlorite). 
The illite/smectite mixed-layered minerals with a content of illite above 85% were identified in the X-ray research 
(the degree of illite/smectite order - R = 3 and R ≥3). 
In the diagenetic history of the Carboniferous sediments the chlorite rims and vermiform kaolinite formed in eo-
diagenesis in the temperature about 20-40 °C [2] and 25-50 °C [6], respectively. In mezodiagenesis, above 50 ºC 
crystallized: blocky kaolinite and dickite, illite/smectite mixed-layer minerals and fibrous illite. Blocky kaolinite 
formed in the temperature range from 50 to 80 °C [6]. Illite/smectite mixed-layered minerals suggest the tempera-
ture of about 160 °C which affected the rocks [7]. The transformation of kaolinite to dickite (about 120 °C) [1] and 
crystallization of fibrous illite (in range of 100-140 °C) [3] took place at the last stage of diagenesis. 
The maximum temperature that affected the Carboniferous rocks during diagenesis is estimated at about 120 °C, 
based on clay minerals. The dating of fibrous illite about 260 My ago, suggesting the action of the diagenetic 
processes up to the Early Permian, because illite is the mineral which has formed as the last one in the diagenetic 
history [5]. The Permian age of the K-Ar data of diagenetic illite crystallization indicates a different diagenetic 
history of the Carboniferous sediments in the south-eastern part of the Lublin Basin when compared to the other 
Polish regions (the Upper Triassic - Middle Jurassic) [4]. Aiming at confirmation of the Permian age, a determina-
tion of deposition age from zircon diagenetic overgrowths from the sandstone by use of ion microprobe equipment 
- SHRIMP IIe/MC is planned. 

[1] Ehrenberg S.N., Aagaard P., Wilson M.J., Fraser A.R., Duthie D.M.L., (1993). Depth - dependent transformation of kaolinite to dickite in 
sandstones of the Norwegian Continental Shelf. Clay Minerals, 28: 325-352.

[2] Grigsby J.D., (2001). Origin and growth mechanism of authigenic chlorite in sandstones of the Lower Vickburg Formation, South Texas. 
Journal of Sedimentary Research, 71: 27-36. 

[3] Kantorowicz J.D., (1990). The influence of variations in illite morphology on the permeability of Middle Jurassic Brent Group sandstones, 
Cormorant Field, UK North Sea. Marine and Petroleum Geology, 7: 66-74.

[4] Kozłowska A., (2008). Diagenesis and pore space evolution in Pennsylvanian sandstones from Western Pomerania (in Polish with English 
summary). Biuletyn PIG, 430: 1-28.

[5] Kozłowska A., (2009). Diagenetic processes affecting pore space in Carboniferous sandstones of the Lublin region (in Polish with English 
summary). Przegląd Geologiczny, 57: 335-342.

[6] Osborne M., Haszeldine R.S., Fallick A.E., (1994). Variation in kaolinite morphology with growth temperature in isotopically mixed pore 
- fluids, Brent Group, UK North Sea. Clay Minerals, 29: 591-608.

[7] Środoń J., (1996). Minerały ilaste w procesach diagenezy (in Polish). Przegląd Geologiczny, 44: 604-607.



Scientific Research Abstracts
Vol. 7, p. 432, 2017
ISSN 2464-9147 (Online)
XVI International Clay Conference | ICC 2017 | Granada, Spain
© Author(s) 2017. CC Attribution 3.0 License

MECHANISM OF WATER FREEZING IN CLAY-WATER SYSTEM 
BETWEEN 225 AND 203 K
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The widely known technique of DSC-based thermoporometry [1] allows to determine the pore size distribution 
curve from the data collected on cooling or warming a sample of a porous medium saturated with water or other 
liquid. Thermodynamic relationships, derived from the Gibbs-Thompson equation, link the radius of an ice crystal 
with its temperature of freezing or melting and then, under some assumption, the corresponding pore radius can 
be obtained. Parallelly, the quantity of ice undergoing the phase change at a given temperature can be calculated 
from the DSC (Differential Scanning Calorimetry) data and then transformed into the pore volume. However, the 
involved mass can be calculated from the heat of the phase change via the latent heat, i.e. the enthalpy change 
associated with the phase transition per unit of mass. Unfortunately, the temperature dependence of the latent heat 
of the phase transitions of the water in the restricted geometry has not yet been reliably determined and the used 
formulas may be taken as uncertain.
In the present study, a model of the montmorillonite-water system is assumed and a general empirical relationship 
enabling the prediction of the enthalpy change between 273 and 203 K is proposed. In the model, most of the 
micropores are slit-like in shape and the freezing process below 245 K involves the formation of flat “ice plates” 
with cylindrical interphase. Homoionic forms (Ca2+, Na+, and K+) of montmorillonite were used as material in 
parallel DSC and BJH experiments. The total number of the low-temperature DSC peaks analyzed was 93. There 
were observed peaks of the average transition temperatures Ta in the range between 245.4 K and 200.2 K, yet their 
distribution was not uniform. The cluster analysis allowed the identification of four characteristic groups of peaks: 
#1 at ΔT = 33.35±1.84 K (24 peaks), #2 at ΔT = 39.94±2.11 K (37 peaks), #3 at ΔT = 46.37±1.74 K (14 peaks), and 
#4 at ΔT = 62.25±3.69 K (18 peaks). The first three clusters correspond to the component peaks resulting from the 
decomposition of the main complex DSC peak. The cluster #4 corresponds to the secondary low temperature peaks 
appearing at about ΔT = 58.8 K. Strikingly, a gap between ΔT = 48 K and ΔT = 58 K is observed. The solidification 
heat associated with a DSC peak was related to the mass of the ice formed. The latter was calculated from the BJH 
differential curves measured for the same system. A good qualitative compatibility between the low temperature 
exothermic peaks and the peaks on the curves dm/dT obtained from the BJH data was observed. Statistical analysis 
of the enthalpy change values determined between 245 and 200 K showed an insignificance of the kind of ho-
moionic form and sample parameters such as dry mass, water mass and water content. The mechanism of freezing 
in such a system has been proposed as follows. After breaking the supercooling (usually between 258 and 253 K), 
the crystallization process proceeds in the macro- and mesopores of a radius between several micrometers and 2 
nm as the growth of ice crystals with a spherical interface (dA/dV = 2/R). At approximately 242 K, solidification 
involves the slit-shaped pores between the flat particles and the formation of flat “ice plates” with a cylindrical 
interphase (dA/dV = 1/R). The observed low temperature peaks are a manifestation of this secondary solidification 
process in the slit-shaped micropores of a width of between 4 and 0.5 nm. 
In view of the present results, the solidification of the interlayer water would have to occur in the form of flat sheets 
of a thickness approximately equal to 0.8-0.9 nm (= 2rc). Such a representation, however, is nothing but a rough 
simplification. The “sheet” may be an ice-like structure of a few distorted unit cells of low energy and entropy 
[2]. A serious problem is constituted by the location of the exchangeable cations in such a structure. The results of 
the molecular dynamics simulations presented by Skipper et al. [3] in a two-molecular layer Na-hectorite hydrate 
(being, as montmorillonite, the 2:1 type clay mineral) with a layer spacing of 1.5 nm at 300 K indicate a central 
positioning of Na counterions and a strongly layered surface water, with each molecule able to direct one hydro-
gen atom towards the surface. The counterions would be partially incorporated into the forming ice-like structure, 
most possibly in outer- or inner-sphere complexes with a solvation shell, the thickness of which depending on the 
valence and size of a cation [3].

[1] Brun, M., Lallemand, A., Quinson, J-F., Eyraud, Ch. (1977). A new method for the simultaneous determination of the size and the shape 
of pores: the thermoporometry. Thermochimica Acta, 21, 59-88.

[2] Johari G.P. (2009). Thermal relaxation of water due to interfacial processes and phase equilibria in 1.8 nm pores of MCM-41. Thermo-
chimica Acta, 492, 29-36. 

[3] Skipper N.T., Lock P.A., Titiloye J.O., Swenson J., Mirza Z.A., Spencer Howells W., Fernandez-Alonso F. (2006). The structure and 
dynamics of 2-dimensional fluids in swelling clays. Chemical Geology, 230, 182-196.
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Clays are mostly composed of phyllosilicate minerals. Due to their variable composition and properties they are 
widely used, e.g., in ceramics, as sorbents, in catalysis, and as technical barriers of waste repositories. The analysis 
of numerous experimental observations yields relationships between various properties of clays and their compo-
sition [1,2]. However, an explanation of these empirical correlations is often missing. Here computational studies 
on the atomic scale can shed some light.

We examined computationally how the structure and the composition of water-free clay minerals vary with the iron 
content [3]. To this end, we applied a spin-polarized version of density functional theory to suitable models, and 
we included a self-interaction correction for iron as well as van der Waals corrections (DFT+U+D3 approach) in 
combination with the plane-wave based projector augmented wave method as implemented in the program VASP. 
We added Fe3+ substitutions in the mineral models by introducing 1 or 2 Fe octahedral substitutions per 2×1 unit 
cell, which contains 8 octahedral cations in total. As a reference, we first explored the neutral mineral pyrophyllite. 

Besides various positions of Fe substitutions with respect to each other, we also studied various relative spin ori-
entations of the Fe ions. Fe-substituted pyrophyllite was found to prefer always low spin states. When two neigh-
boring Fe substitutions are connected via an O/OH bridge, the structure with opposite spins is 2-3 kJ/mol per unit 
cell more favorable compared to the high-spin state structure. For non-adjacent Fe substitutions, opposite spins are 
favored by at most 1 kJ/mol per unit cell for several arrangements inspected. The interaction of two Fe octahedral 
substitutions was determined to be energetically repulsive. Similar trends were observed for montmorillonitic and 
beidellitic smectite mineral models with charged substitutions in the octahedral and tetrahedral sheets, respective-
ly. In montmorillonitic models, Fe prefers to stay distant from Mg substitutions, while in beidellitic models Fe 
prefers to occupy octahedral positions close to the charged tetrahedral moieties. 

Depending on the type of charged substitution (octahedral or tetrahedral), we determined an energy preference for 
cis- or trans-vacant structures of the minerals. The known preference for Fe-free minerals can be reproduced only 
when van der Waals corrections are accounted for. Increasing the Fe content, however, increases the preference for 
the trans-vacant structure. Octahedral Fe3+ substitutions were found to be more favorable for beidellitic than for 
montmorillonitic minerals. 

These results together with the calculated structures, vibrational modes, and charge distributions [3] help to ration-
alize some of the experimentally observed correlations [1,2].

[1] Drits V., McCarty D., Zviagina B. (2006). Crystal-chemical factors for the distribution of octahedral cations over trans- and cis-sites in 
dioctahedral 2:1 layer silicates. Clays and Clay Minerals,131-152. 

[2] Kaufhold S., Stucki J., Finck N., Steininger R., Zimina A., Dohrmann R., Ufer K., Pentrák M., Pentráková L. (2014). About the relation 
between tetrahedral charge and Fe content of dioctahedral smectites and the role of tetrahedral iron. ANKA User Reports 2012/2013, 
KIT, p. 173.

[3] Kremleva A., Kienzle A., Krüger S., Rösch N. (2017). Fe3+ octahedral substitutions in 2:1 clay minerals. Density functional study. In 
preparation.
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STUDY OF MECHANOCHEMICALLY-INDUCED DEFECT SITES 
ON EXFOLIATED HALLOYSITE SURFACES BY 27Al MAS NMR 
SPECTROSCOPY

jános kristóf (1)*, erzsébet HorvátH (2), veronika váGvÖlGyi (1), balázs zsirka (2), 
dávid fertiG (2)
(1) University of Pannonia, Department of Analytical Chemistry, P.O. Box 158, H-8201 Veszprém, HUNGARY, 
(2) University of Pannonia, Institute of Environmental Engineering, P.O. Box 158, H-8201Veszprém, HUNGARY 
*kristof@almos.vein.hu

Although the 1:1 (or TO) type clay minerals have long been used as catalyst supports, their catalytic properties be-
came of interest just recently. In addition to the preparation of exfoliated clay minerals and their nanohybrids, the 
study of the physico-chemical background leading to the understanding of the catalytic nature of these materials 
is now in the mainstream of research. Although the surface properties of exfoliated kaolinites are the function of 
their morphology, the surface concentration of defect/bonding sites is rather high due to their increased specific 
surface area. These systems can be considered as quasi-ideal models for the study of intended surface sites on Al/O 
and Si/O type bulk phases. As to the surface properties of the 1:1 or TO type exfoliated kaolinites, mostly specific 
surface area and porosity data are available. The qualitative and quantitative evaluation and energetic characteriza-
tion of the bonding sites with instrumental techniques encounters several difficulties (e.g. high pressure drop and 
particle carry-over with inverse gas/liquid chromatography). Since the photochemical activity is increasing with 
the degree of exfoliation, it is necessary to reveal the correlation between population (and chemical character) of 
the defect/bonding sites and the activity of the nanomaterial.

The mechanochemical activation (dry grinding) of exfoliated halloysite minerals results in the partial dehydroxy-
lation of the Al-OH groups. The deformation of the Al-octahedra as a function of the grinding time was followed 
by 27Al MAS NMR spectroscopy. Both in the initial (pristine) an the deformed sample hexa-coordinated-Al (δ=3-4 
ppm) and tetra-coordinated-Al (δ=55-70 ppm) centers are present. No change can be observed in the quantity of 
the four-coordinated Al-centers upon exfoliation. On prolonged grinding the amount of the deformed tetra-coor-
dinated-Al centers is increased along with the appearance of five-coordinated-Al (δ=37ppm) sites. Surprisingly, 
bands characteristic of trigonal-Al (δ=108-112ppm) centers also appear in the NMR spectrum of the exfoliated 
halloysite. Their amount decreases with the increase of the grinding time. Since the trigonal-Al centers are ex-
tremely reactive, their stability could be ensured by the morphology. Based on the results of surface titrations, the 
chemical character of the Al-OH groups are determined by their bridging (acidic) or end-on (alkaline) positions.

Acknowledgement: the financial support of the GINOP-2.3.2-15-2016-00053 and GINOP-2.3.2-15-2016-00016 projects co-financed by the 
Széchenyi program is gratefully acknowledged.

[1] F. Tzompantzia, Y. Piñaa, A. Mantillab, O. Aguilar-Martíneza, F. Galindo-Hernándezc, Xim Bokhimic, A. Barrerad (2014). Hydroxylated 
sol-gel Al2O3 as photocatalyst for the degradation of phenolic compounds in presence of UV light. Catalysis Today 220- 222, 49- 55.

[2] Peng Liu, Mingfei Zhao (2009). Silver nanoparticle supported on halloysite nanotubes catalyzed reduction of 4-nitrophenol (4-NP). 
Applied Surface Science 255, 3989-3993.

[3] Kry Nallis, Ken-ichi Katsumata, Toshihiro Isobe, Kiyoshi Okada, Phat Bon, Radzali Othman (2013). Preparation and UV-shielding prop-
erty of Zr0.7Ce0.3O2-kaolinite nanocomposites. Applied Clay Science 80-81, 147-153.
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TRANSFORMATION OF THE STRUCTURE AND PROPERTIES OF 
MONTMORILLONITE DUE TO THE THERMOCHEMICAL INFLUENCE
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Clay minerals are widely used in various industries, including radioactive waste management as the component 
of barrier systems for wastes disposal. Some construction concepts of waste repositories consider that bentonite 
barriers can be subjected to aggressive environment. For instance, it can happen in the case of the isolation of so 
called “historical” repositories for liquid radioactive wastes. These wastes may have a high temperature and a high 
content of nitric acid. Experimental study was conducted to ascertain effect of nitric acid solution at an elevated 
temperature (90 °C) on montmorillonites with different composition and structural features. Bentonite samples 
selected for this work were obtained from several Russian industrial deposits (Dashkovskoye, Zyryanovskoye, 10 
Khutor), and also from near-abroad (Taganka, Dash-Salakhlinskoye) and far-abroad deposits (Trebia in Morocco). 
Acid treatment was carried out in nitric acid solutions on a magnetic stirrer with a heating function using reflux to 
keep a constant solid/liquid ratio. Solid and liquid components were separated by centrifugation. Initial and mod-
ified samples were analyzed with a series of methods: X-ray diffraction, infrared spectroscopy, scanning electron 
microscopy, X-ray fluorescence, inductively coupled plasma mass spectroscopy, N2 adsorption for determination 
of specific surface area and pore size distribution and methylene blue adsorption for determination of cation ex-
change capacity.

These experiments allowed us to describe the processes of transformation of the montmorillonite structure and its 
adsorption properties as a result of thermochemical effect. Structural modification occurs in several overlapped 
stages: 1. Partial protonation of interlayer due to the substitution of interlayer cations to oxonium cations, 2. Partial 
protonation of OH-groups at octahedral sheets, leaching of octahedral cations and reduction of the layer charge, 3. 
Loss of the interlayer cations due to reduction of the layer charge, 4. Changing of interaction between octahedral 
and tetrahedral sheets, 5. Amorphization of tetrahedral sheets and partial deposition of amorphous silica on the 
particle surfaces.

Modification of bentonite properties occurs as follows: 1. The increase of the specific surface area (Ssp) due to the 
destruction of large aggregates and the development of mesoporosity. 2. The increase of the total pore volume of 
micropores due to the micropores appearance due to the leaching of the octahedral cations. 3. The decrease of the 
cation exchange capacity values (CEC) due to the reduction of the layer charge and the destruction of 2:1 layers.

The experimental results showed a decisive role of the OH groups’ orientation in the octahedral sheets. Montmo-
rillonite with a predominance of cis-vacant octahedra demonstrates the highest stability during the acid treatment 
(bentonites from 10 Khutor and Trebia deposits). However, Dashkovsky bentonite which is characterized by a 
predominance of the trans-vacant octahedra but a relatively high content of organic matter (Corg = 0.69% vs. 0.04% 
which is the average Corg content for the other investigated bentonites) shows quite high resistance to the acid 
treatment. With increasing isomorphous substitutions (primarily to Fe) and with the prevalence of trans-vacant 
octahedral, stability of montmorillonites decreases. The least stable bentonite among the studied deposits is Tagan-
sky. The studies allow predicting the stability of bentonite to the thermochemical effect on the basis of the analysis 
of natural clay. The results can be used for designing the engineering bentonite barriers for highly toxic liquid 
chemical waste and liquid radioactive waste.

This work was financially supported by the Russian Science Foundation (Project #16-17-10270). We are grateful to “Bentonite” company for 
providing us with natural bentonite clays from industrial deposits. SEM images and XRD patterns were obtained with the funding of Moscow 
State University Development Program.
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AUTHIGENIC CLAY MINERALS IN CEMENTS OF THE LOWER 
TRIASSIC SANDSTONES FROM THE WARSAW -ŁÓDŹ AREA 
(PRELIMINARY RESULTS)

marta kuBErska

Polish Geological Institute - National Research Institute, Rakowiecka 4, 00-975 Warsaw, Poland

The Lower Triassic deposits from the Warsaw and Lodz Troughs have been the research objects in respect to 
(among others) effects of diagenetic processes and their influence on the reservoir - sealing conditions. 

The Lower Triassic in the research area represents the eastern part of the Central European Basin where sedi-
ments were deposited in conditions of very shallow continental - marine environments and in dry climate [5,1]. 
Red - brown claystone - mudstone rocks with interlayers of sandstones in complexes of diversified thickness are 
predominant in the Lower Triassic succession. 

Arenites, less frequent, quartz and subarkosic, sporadically sublithic wackeshave been distinguished in the sand-
stones. Quartz is the main component of the grain fabrics, being accompanied by potassium feldspars and pla-
gioclases. The sublithic varieties of the rocks are enriched in lithoclasts of magmatic and/or sedimentary origin. 
The detrital material is cemented by the matrix and by the orthochemical cement. Kaolinite, chlorite, subordinate 
illite are main components of the cement, besides carbonates and the authigenic quartz. Kaolinite either occurs as 
platy accumulation swhich fill the pore space, or it forms fillings in the detrital grains. Plates of the kaolinite are in 
vermicular or irregular forms. The formation of the kaolinite is often connected with processes of diagenetic alter-
ation of feldspars and micas. A presence of dickite cannot be excluded, too, since this is a common post-kaolinite 
mineral in the Triassic deposits. Such a transformation occurred at temperatures between 80 and 130 °C [4]. The 
chloritization results may be observed in micas. The degradation of a biotite structure occurs at conditions of a 
weak removal of Mg2+, that results in the formation of Mg-chlorites. Trace amounts of fibrous illite were found in 
the studied sandstones. The habit and types of the clay minerals generally influenced the petrophysical features of 
the sandstones [2], [3]. The diagenetic processes, e.g., the cementation and the alteration, have had a differentiated 
influence on the alteration intensity and the formation habit of the pore space. A creation of secondary intracrystal-
line porosity was extremely strongly influenced by the diagenetic alteration processes.

[1] Dadlez R., Marek S., Pokorski J. (red.), (1998). Atlas peleogeograficzny epikontynentalnego permu i mezozoiku w Polsce. Państwowy 
Instytut Geologiczny-Państwowy Instytut Badawczy. Warszawa. 

[2] Kuberska M., (1997). Trias dolny. Charakterystyka petrograficzna. W: Epikontynentalny perm i mezozoik w Polsce. Prace Państwowego 
Instytutu Geologicznego, 153: 117-121.

[3] Kuberska M., (1999). Trias dolny - pstry piaskowiec. W: Diageneza osadów permu górnego i mezozoiku Kujaw. Prace Państwowego 
Instytutu Geologicznego, 167: 22-35.

[4] Morad S., Ben Ismail H., De Ros L. F., Al.-Aasm I. S., Serrhini N. E., (1994) - Diagenesis and formation water chemistry of Triassic 
reservoir sandstones from southern Tunisia. Sedimentology, 41: 1253 - 1272

[5] Szyperko-Teller A., (1997). Trias dolny. W: Epikontynentalny perm i mezozoik w Polsce. Prace Państwowego Instytutu Geologicznego, 
153: 112-117, 121-133.
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MODELING X-RAY ABSORPTION SPECTRA OF Cd(II) ON CLAYS
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Periodic density functional theory (DFT) calculations were performed to model the adsorption of Cd(II) onto the 
surfaces of gibbsite (Al(OH)3) and kaolinite (Al2Si2O5(OH)4). Cd(II) is a critical environmental contaminant, and 
understanding its adsorption behaviour in soils is necessary for predicting fate and bioavailability. Obtaining in-
formation on the surface complexes formed by Cd(II) onto these common soil minerals at concentrations relevant 
to those found in nature is problematic due to weak spectroscopic (e.g., NMR) signals and distortion of the Cd(II) 
coordination shell. Consequently, a combination of experimental and theoretical XANES spectroscopy and DFT 
were used to explore potential surface complex structures and energetics.

A variety of monodentate, bidentate and outer-sphere complexes were constructed to interact with the (100) sur-
faces of gibbsite and kaolinite. Energy minimizations, followed by molecular dynamics simulations and then by 
energy re-minimization, were conducted with the program VASP. The relative energies of the model surface com-
plexes were used to predict which might be the most thermodynamically stable. These periodic structures were 
then used as the basis for calculations using FEFF10 to predict XANES spectra and Gaussian 03 to predict Cd 
NMR chemical shifts. The NMR results are inconclusive as it has proven problematic to collect Cd NMR spectra 
on these minerals at low concentrations. The XANES calculations, however, match the energy of primary absorp-
tion features observed in XANES spectra reasonably well, although amplitudes are less well simulated. The nature 
of the Cd-gibbsite and Cd-kaolinite surface complexes will be discussed.
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REVOLUTIONARY METHOD TO DISPERSE REDUCED CHARGE Li+-
MONTMORILLONITE IN SOLVENT
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A lot of studies were reported about reduced-charge smectites [1], however, there have been no reports of dis-
persing procedure of the reduced charge montmorillonite(RCM). Eventually, a revolutionary phenomenon in the 
specific recipe, where RCM could be dispersed in a solvent, was newly found.

At first, Li+-exchanged montmorillonite was treated at 400 °C to prepare RCM followed by the dispersing process 
using solvent. The solvent includes three components; ammonia, several organic solvents with formamide group, 
and water. The optimal solvent composition for dispersing was confirmed evaluating the dispersibility in various 
solvent ratio. The dispersion was evaluated by particle size distribution and the state of particles were observed by 
atomic force microscopy (AFM). Next, in order to evaluate the properties of the dispersed RCM (dRCM), the dis-
persion was dried and grinded to obtain powder samples. Each powder; Li+-exchanged montmorillonite and RCM, 
and dRCM, was analyzed by X-ray diffraction (XRD) and their cation exchange capacity (CEC) was measured. 
Particularly, the CEC value of dRCM was larger than that of RCM. 

From these results, it was revealed that the CEC value was increased and these montmorillonite particles were 
dispersed finely in solvent. 

Furthermore, since RCM could not be dispersed in water conventionally, it could not be formed a film of RCM. 
On the other hand, a film was successfully prepared by a casting method from the dispersion. And this film has 
water resistance feature.

In this paper, we will report about the new method and phenomenon with a variety of data in detail.

[1] Komadel P., Madejovà J., Bujdàk J. (2005). Preparation and properties of reduced-charge smectites - A review. Clays and Clay Minerals, 
313-334.
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PALEOCLIMATIC RECORDS FROM FLUVIAL SEDIMENTS OF CAMELI 
BASIN, SW TURKEY: SPECIAL REFERENCE TO CLAY MINERALOGY

Ceren kuçukuysal*, tural aGHayev, merve GulCan

Muğla Sıtkı Koçman University, Faculty of Engineering, Geological Engineering Department, Muğla, 48000, Turkey

Çameli Basin, located in the south of Denizli, is categorized as a complex tectonic graben. The basin-fill sediments 
are found to be of late Miocene-late Pliocene age and named as Çameli Formation which includes alluvial-fan, 
fluvial and lacustrine deposits [1]. The present study focuses on the mineralogical and geochemical compositions 
of the late Miocene-early Pliocene succession. In this project, we report a single sedimentary succession cropping 
out along road-cuts near the town of Akşar village, Acıpayam, southern Denizli. 

The studied succession was sampled along a single outcrop and the samples were studied in terms of mineralogical, 
major oxide and stable isotope ratios of the bulk as well as the mineralogical composition of <2 µm size fraction. 
The objective is to investigate if mineralogy can provide climatic proxy data in conjunction with the other records.

Quartz, calcite, dolomite, feldspar, amphibole and clays were found in the bulk samples while smectite, chlorite, 
kaolinite and palygorskite were observed in the fine fraction. Higher average composition of the total clay presents 
reverse covariance with the calcite abundance. The same relation was captured between palygorskite and calcite. 
This was further confirmed with the apparent reverse variation between CaO and MgO all through the succession. 
In the meantime, up to the section, a gradual increase in SiO2 suggests increasing precipitation. The authigenic 
presence of palygorskite was also checked with scanning electron microscope study and it was observed that the in 
situ formed palygorskite fibers form bridge-like morphologies which supports their authigenic precipitation. High 
correlation between δ13C and δ18O ratios of the bulk carbonate point hydrologically closed environment. The nar-
row range in both δ13C and δ18O ratios were measured as -4.93 to -2.21‰ and -5.92 to -2.97‰ VPDB, respectively. 
The low δ18O isotope ratios suggest 18O-depleted meteoric water inflow with a low diagenetic imprint. Additional-
ly, the slightly negative δ13C values may contribute to the knowledge on the old vegetation type as C3:C4 plants. 
All the findings suggest that the changes in the abundance of detrital minerals like quartz, feldspar with respect 
to calcite, dolomite and authigenic palygorskite are possible proxies for climatic reconstruction in the study area. 

[1] Alçiçek H., (2010). Stratigraphic correlation of the Neogene basins in the southwestern Anatolia: Regional palaeogeographical, palaeo-
climatic and tectonic implications. Palaeogeography, Palaeoclimatology, Palaeoecology, 291, 297-318.
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OCCURRENCE OF FIBROUS CHRYSOTILE AND TREMOLITE IN THE 
ÇANKIRI-ANKARA REGION, CENTRAL ANATOLIA, TURKEY
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Occurrence of asbestos minerals such as chrysotile and tremolite are widespread in Çankırı-Ankara region, Central 
Anatolia, Turkey which resulted potential development of regional malign mesothelioma. Chrysotile locally asso-
ciated with minor amounts of tremolite in the surfaces of fracture along the tectonic deformation zones in altered 
Mesozoic ophiolitic rocks. Mesozoic ophiolitic rocks composed mainly of serpentinized olivine and pyroxene 
associated with partially altered plagioclase and enclose opaque minerals and Fe-oxyhydroxide phases. Addition-
ally, chlorite, talc, calcite, and dolomite are also determined. Micromorphologically, development of chrysotile 
and locally tremolite either as bundle or scattered or even mesh on ferromagnesian precursors and associated with 
talc in ophiolitic units may suggest authigenic formation of chrysotile and tremolite via dissolution and precip-
itation mechanism and influence of tectonic activities. Additionally, acicular structures of opal-CT and locally 
platy and blocky talc crystals either enclose or developed within chrysotile/tremolite fiber bundles may indicate 
direct precipitation from hydrothermal/meteoric waters. High concentration of MgO, Fe2O3, Ni, and Co with low 
Al2O3, Rb, and Ba content in chrysotile and tremolite suggest alteration of ophiolitic rocks. Structural formulae of 
chrysotile is (Mg5.56Fe0.27Mn0.005)(Si3.91Al0.15)O10(OH)8. More depletion of Rb, Ba, Nb, Ce, Sr, Zr and Dy in primi-
tive-mantle-normalized pattern also suggest that the serpentinization of ophiolitic rocks influence of hydrothermal 
fluids and high pressure conditions controlled by tectonics. This suggestion was also supported by isotope data and 
calculated formation of the chrysotile and tremolite at 170 - 555 °C.

Keywords: chrysotile, tremolite, genesis, mesothelioma, Çankırı, Ankara, Turkey.
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OF ILLITE-SMECTITE
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In an interstratified illite-smectite (I-S) mineral the total layer charge (LC) is distributed between the illitic and 
smectitic interlayers (or layer surfaces), but only the smectitic surfaces are available for interactions with the en-
vironment. Therefore, the electrochemical charge exposed on the smectitic surfaces of I-S crystallites (Qs) is the 
crucial parameter that controls the I-S surface properties. Moreover, the charge of smectitic surfaces is directly 
linked to the charge of illitic interlayers (Qi) that must be controlled by the mechanism of I-S formation, which has 
been under extensive debate for decades [1].

Due to interstratification, the LC measurement techniques developed for smectites are not directly applicable for 
Qs in I-S. The method based on a chemical analysis of monomineralic sample require the measurement of percent 
smectite layers to calculate Qs [1]. LC determination methods based on saturation with alkylammonium cations, 
in turn, can cause the partial expansion of collapsed interlayers [2]. The measurement of charge developed on the 
smectitic surfaces of the interstratified clay mineral remains, therefore, quite challenging [1,3]. Recently, a new LC 
determination method was proposed: The “O-D method” is based on mid-infrared spectroscopic measurements of 
D2O-saturated samples and was proven to work effectively for pure dioctahedral smectites [4]. Due to the nature 
of the O-D measurement, the method presents high potential to probe the external surfaces of interstratified clays. 
Its great advantage is the possibility of application to illite-smectite in mixtures with other minerals.

This presentation reports the application the O-D method to a series of 47 well-characterized illite-smectite sam-
ples covering the composition between 100 and 8% smectite layers [1]. Using a provisionally-calibrated O-D 
method, it was possible to measure LC of the expandable component of I-S. The average surface charge was 0.47 
+/-0.04 e- pfu, in good agreement with the stable value of 0.41 proposed earlier for Qs of illite-smectite [1]. The 
narrow distribution of the measured layer charge Qs within the sample-set was remarkable, confirming that the 
O-D method measures the charge present only in the expandable interlayers. Furthermore, no systematic changes 
of Qs with smectite content were observed, in agreement with the model of polar illite fundamental particles. The 
O-D method is therefore applicable to interstratified structures and does not cause the expansion of the collapsed 
(illitic) interlayers, which may be the problem for some other methods [2]. 

[1] Środoń J., Zeelmaekers E., Derkowski A. (2009). The charge of component layers of illite-smectite in bentonites the nature of end-mem-
ber illite. Clays and Clay Minerals, 57, 649-671.

[2] Chaudhuri S., Środoń J., Clauer N. (1999). K-Ar dating of illitic fractions of Estonian “Blue Clay” treated with alkylammonium cations. 
Clays and Clay Minerals 47, 96-102.

[3] Cetin K., Huff W.D. (1995). Layer charge of the expandable component of illite/smectite in K-bentonite as determined by alkylammoni-
um ion exchange. Clays and Clay Minerals, 43, 150-158.

[4] Kuligiewicz A., Derkowski A., Emmerich K., Christidis G.E., Tsiantos C., Gionis V., Chryssikos G.D. (2015). Measuring the layer charge 
of dioctahedral smectite with O-D spectroscopy. Clays and Clay Minerals 63, 443-456.
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SYNTHESIS AND STABILIZATION OF MAGNETIC COMPOSITES OF 
BENTONITE

kurmanGazHy G., sydykova a., tazHibayeva s., laCHbayeva zH., musabekov k.
Al-Faraby Kazakh National University

Using Elmore’s method, nanoparticles of magnetite were synthesized in the structure of bentonite of Tagan deposit 
(Kazakhstan). Nanoparticles of magnetite were stabilized by polyethylene glycol (PEG) and low molecular weight 
surfactant oxyethilenic alkylphenol (OP-7). The mass ratio of the magnetite and bentonite was 1:3, and the con-
centrations of PEG and OP-7 were 0.5·10-3 and 2.5·10-3%, respectively.

Based on the results of electron microscopic studies, the advantage of using PEG as a stabilizer in the synthesis of 
magnetite in interlayer space of bentonite clays over using low molecular weight surfactant OP-7, which forms a 
dense adsorption layer on the surface of the mineral, was substantiated.

Using light scattering method on the Zetasizer Nano instrument, dispersion analysis of magnetic clays obtained in 
the presence of 2.5∙10-5% PEG, was conducted. It was established that the particles of individual magnetite have 
size of 70 nm, bentonite - 505 nm, and the size of the magnetite-bentonite composite is 2150 nm. The presence of 
PEG reduces the size of the composite up to 1200 nm. Decrease of composite size is caused by the fact that the 
introduction of the polymer contributes to the convergence of magnetite and bentonite particles due to the forma-
tion of hydrogen bonds between its macromolecules, oxygen atoms of silicate groups of bentonite and iron oxides 
groups of magnetite.

X-ray analysis of magnetic clays was conducted. On the diffraction pattern of bentonite highest peaks were found 
at values   of 2θ=20.780° and 28.980°, which correspond to silicon-oxygen and aluminum-oxygen groups of mont-
morillonite, contained in the bentonite. In the case of magnetite, the most intense peaks were obtained at values   
of 2θ of 35.240° and 41.572°, which correspond to the phase Fe3O4 and Fe2O3of magnetite. Changes in the X-ray 
diffractogram of bentonite were found, which indicate the introduction of magnetite nanoparticles in the bentonite 
structure.

It was shown that the introduction of magnetite nanoparticles in the interlayer space of bentonite is determined 
by not only the physical accordance of sizes of magnetite particles and the interlayer space, but also by chemical 
interactions, which lead to significant changes in the bentonite structure, resulting in appearance of new phases.

Sedimentation stability of dispersions of magnetite and its composites with bentonite was studied. It was shown 
that the magnetite dispersions are unstable, and suspensions of magnetic composites of bentonite are much more 
stable. Presence of PEG and OP-7 increases the stability of the suspensions.
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Layered double hydroxides (LDHs) are one of the most important clay-related materials because of their anion ex-
changeability, basicity, and environmentally benign compositions. Further functionalization of LDHs is expected, 
if the surface hydroxy groups of LDH layers are modified with organic groups; however, their covalent interlayer 
modification was hardly reported up to date. Silylation is one of versatile methods for functionalization of inor-
ganic materials [1], though selective modification of LDH layers without self-condensation has not been shown. 
We have recently reported that tripodal ligands, such as tris(hydroxymethyl)amionomethane (Tris) is effective to 
modify surface hydroxy groups of LDHs [2]; however, the modification proceeded only on the outer surface of 
LDH nanoparticles (LDHNPs). If the interlayer surface of LDHNPs are modified with Tris molecules possessing 
NH3

+ groups, unique interlayer nanospace with two different cationic sites can be created. Here, we report new 
methods for interlayer modification of various LDHNPs with Tris molecules.

Interlayer-modified Mg-Al LDHNPs were synthesized by mixing aqueous solutions of metal salts and Tris, fol-
lowed by aging at 80 °C for 24 h. In our previous report [2], we used 0.50 M Tris solution, though highly con-
centrated solution (4.5 M) was used in this study. The product was finely dispersed in water, and aggregated by 
adding a Na2CO3 solution for characterization. The interlayer-modified LDHNP showed a basal spacing of 0.95 
nm which is much larger than that of conventional CO3

2--type LDHs (0.76 nm). The basal spacing suggests that the 
LDH layers are modified with Tris and form an interdigitated configuration. Interlayer anions can fill the interstices 
of Tris molecules. The FTIR and 13C CP/MAS NMR spectra of the interlayer-modified LDHNPs indicated that 
the Tris molecules are covalently modified with the LDH layers [2,3]. The elemental analyses show that the Tris/
(Mg+Al) ratio was 0.26 and the Mg/Al was 2.1, though the Tris/(Mg+Al) ratio was only 0.05 when the LDHNPs 
were prepared by using a 0.50 M Tris solution. Moreover, the CO3

2-/(Mg+Al) was 0.29 which significantly exceeds 
the value (0.16) expected from the Mg/Al ratio, suggesting that NH2/NH3

+ groups of the modified Tris molecules 
also act as anion exchange sites. Because of the expanded interlayer distance and unique interlayer environments, 
the interlayer-modified LDHNPs are expected to have improved anion exchangeabilities.

Interlayer-modified Co-Al and Ni-Al LDHNPs were also synthesized by using Tris. In these cases, highly concen-
trated Tris solutions were not required because transition metal cations form more stable alkoxy bonds with Tris 
than a magnesium cation [3]. Interlayer modified Co-Al and Ni-Al LDHNPs were synthesized by hydrothermal 
treatment of mixtures of Tris and metal salts at 190 °C. As we reported previously, the Tris molecule has an ability 
to suppress crystal growth of LDHNPs by surface modification. Thus, Co-Al and Ni-Al LDHNPs, forming stable 
bonds with Tris, tend to form very small LDHNPs that cannot be collected even by membrane filtration. They re-
quire higher temperature to promote the crystal growth. The reaction temperature should be optimized for various 
compositions.

Consequently, the use of tripodal ligands is very effective for the direct synthesis of highly dispersed LDHNPs 
whose interlayer surfaces are modified with tripodal ligands. The unique interlayer nanospaces possessing differ-
ent cationic sites and high dispersibility are promising for the formation of functional nanomaterials, such as anion 
scavengers, catalysts, and drug carriers.

[1] Xu W., Wang S., Li A., Wang X. (2016). Synthesis of aminopropyltriethoxysilane grafted/tripolyphosphate intercalated ZnAl LDHs and 
their performance in the flame retardancy and smoke suppression of polyurethane elastomer, RSC Adv., 48189-48198. 

[2] Kuroda Y., Miyamoto Y., Hibino M., Yamaguchi K., Mizuno N. (2013). Tripodal Ligand-Stabilized Layered Double Hydroxide Nanopar-
ticles with Highly Exchangeable CO3

2-. Chem. Mater., 2291-2296.
[3] Kuroda Y., Koichi T., Muramatsu K., Yamaguchi K., Mizuno N., Shimojima A., Wada H., Kuroda K. (2017). Direct Synthesis of Highly 

Designable Hybrid Metal Hydroxide Nanosheets by Using Tripodal Ligands as One-Size-Fits-All Modifiers, Chem. Eur. J., in press.
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UNFROZEN WATER FILMS IN FROZEN VOLCANIC SOILS AS THE 
RESULT OF WEATHERING PROCESSES
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(1) Norwegian University of Science and Technology, Trondheim, Norway, (2) Lomonosov Moscow State University, 
Moscow, Russia 

Layers of volcanic ash and the Andosol soils derived from them may play an important role in preserving snow 
and ice as well as developing permafrost conditions. The special properties of volcanic ash that are responsible 
are critically reviewed, particularly in relation to recent research in Kamchatka in the Far East of Russia. Of spe-
cial importance are the thermal properties and the unfrozen water contents of ash layers and the rate at which the 
weathering of volcanic glass takes place. Weathering of volcanic glass results in the development of amorphous 
clay minerals (e.g. allophane, opal, palagonite) but this takes place much slower in cold than under warmer cli-
mate conditions. Existing data demonstrates that (1) there is a strong correlation between the thermal conductiv-
ity, the water-ice content, and the mineralogy of the weathered part of the volcanic ash (2) enhanced amounts of 
amorphous clay minerals (allophane, palagonite) increase the proportion of unfrozen water and decrease thermal 
conductivity, and (3) amorphous silica does not alter to halloysite or other clay minerals even in ashes of Early 
Pleistocene age (Kamchatka) or in Miocene and Pliocene deposits of Antarctica due to cold temperatures. 

Published data on unfrozen water content in frozen volcanic ash soils are quite infrequent. [1] and [2] mentioned 
volcanic ash among 17 other soils to show a relationship between dielectric constant and volumetric unfrozen wa-
ter content. [3] Demonstrated by pulsed NMR the temperature dependence of the unfrozen water content in Ohya 
tuff in the range of the negative temperature measured. Even at -5 oC, the sample contained 7.5% unfrozen water 
by weight, reflecting the rough surface microstructure of pores and large specific surface area.

For volcanic ash collected in Kamchatka and Iceland, the unfrozen water varied from 0 to 27% for temperatures 
below -3 oC and the amount depending on the deposit’s age, chemical composition, salinity, presence of amorphous 
clays and weathering conditions. The content of unfrozen water is found to be higher in volcanic ashes containing 
allophane (2-13%) than in those containing opal (0-3%). The highest proportion of unfrozen water (27%) occurred 
in an ash with high soil’s water salinity [4]. For Icelandic samples containing palagonite, the alteration product of 
basaltic glass found in association with sideromelane, the unfrozen water content may reach 2-3% for temperatures 
below -3 oC [5]. Palagonite is a terrestrial analogue to the soil of Mars [6] and studies on its mineral behavior at 
negative temperatures may help in understanding weathering models of the Martian rocks by unfrozen water films.

The significance of these findings is discussed in relation to the reconstruction of past climates and the influence of 
volcanic ash on permafrost aggradation and degradation, snow and ice ablation, and the development of glaciers.

[1] Anderson, D. & Tice, A.R. (1973). The unfrozen interfacial phase in frozen soil water systems. Physical aspects of soil water and salts in 
ecosystems, Pp. 107-124. 

[2] Smith, M.W. & Tice, A.R. (1988). Measurement of the unfrozen water content of soils: Comparison of NMR and TDR methods. CRREL 
Report 88-18.

[3] Akagawa, S. & Fukuda, M. (1991). Frost heave mechanism in welded tuff. Permafrost and Periglacial Processes, 2, 301-309.
[4] Kuznetsova, E. & Motenko, R. (2014). Weathering of volcanic ash in the cryogenic zone of kamchatka, eastern russia. Clay Minerals, 

49, 195-212.
[5] Kuznetsova, E. (2011). Thermal properties and phase composition of water in frozen volcanic ash and scoria (kamchatka). PhD mono-

graph. Moscow State University (MSU), Moscow, Russia.
[6] Allen, C.C., Gooding, J.L., Jercinovic, M. & Keil, K. (1981). Altered basaltic glass: A terrestrial analog to the soil of mars. Icarus, 45, 

347-369.
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COLD CLIMATE CONDITIONS 
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Properties of volcanic ash and pumice, as well as volcanic soils have been widely investigated due to their unique 
properties. Paleoscientists and tephrochronologists use volcanic ash as a tool for linking and dating geological, 
paleoecological, paleoclimatic, and archaeological sequences or events. Soil scientists are concerned with the 
unique physical, chemical and mineralogical properties of the soils formed on the volcanic ash (or Andisols) with 
respect to their high permeability, organic matter, secondary minerals, high surface area as well as other aspects. In 
cold environments, volcanic ash is an important factor in (1) process influencing permafrost aggradation and deg-
radation of carbon in peat accumulations, and (2) as a chronological marker in studies of rock glaciers, glacial mo-
raines, glacier fluctuations, moraine development and glaciofluvial deposition. The influence of tephra is important 
to snow and ice ablation, permafrost aggradation, and the energy balance at the glacier-atmosphere interface. 
Terrestrial volcanoes in permafrost areas provide analogue information for volcanic permafrost models for Mars.

The glass fraction in volcanic ejecta is their most readily altered silicate component (Shoji et al., 1993; Shoji et 
al., 1994; Kimble et al., 2000) making it potentially a sensitive indicator of the climate as long as the environment 
of its alteration is realised and the time framework in which the alteration has occurred can be deduced. The rate 
of its weathering or its alteration in the subsurface depends not only on its chemistry but most importantly on the 
temperature and the availability of water. At sub zero temperatures in heavily frozen ground the decomposition 
rate of glass is minimal reflecting both the very slow rate of chemical reaction as well as the unavailability of 
water. In topographically varied terrains the situation is complicated. In areas with a mean annual temperature 
below -1 °C and a mean annual precipitation of less than 500 mm, clay minerals in volcanic soils are scarce, and 
volcanic glass is preserved mostly in the unweathered and unaltered state. With higher mean annual temperature 
the alteration rate of volcanic glass increases leading to the development of amorphous clays, such as allophane, 
imogolite and palagonite. At high elevations, higher rainfall and lower evaporation due to lower temperatures 
create a high-leaching environment and the colloidal fractions of these volcanic soils are dominated by amorphous 
clays with the absence of halloysite. In the mountains of northern Ecuador, allophane is dominant in the colloidal 
fraction of volcanic soils above 3200 m asl whereas it is absent below 2700 m asl, where precipitation is higher. 
The drier conditions in the soils below 3200 m and 2700 m asl, is associated with halloysite becoming increasingly 
dominant in the fine fraction (Zehetner et al., 2003). 

Similar slow rates of glass weathering are associated with dry deserts whether they are cold or hot, the absence of 
available water for reaction is the controlling factor. Although the repeated heating and cooling of frozen and hot 
deserts accelerate physical weathering through fracturing of glass thereby increasing the surface area available for 
chemical alteration. In contrast, the alteration of volcanic glass in warm or hot humid climates is rapid. Not only 
are these reactions more easy to study but they are associated with soils of agricultural importance and the eco-
nomic pressure for understanding them is much greater. Within the warm humid zones depending on the chemical 
composition of the volcanic glass the following reaction series have been suggested: volcanic glass → allophane 
→ halloysite, volcanic glass → opal → allophane → halloysite, volcanic glass (sideromelan) → palagonite. 

The most obvious academic use of understanding the factors controlling the alteration of volcanic ash is the ability 
to use it in the reconstruction of past-climates and weathering environments in the more recent geological past. 
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We present data on the effectiveness of threeGreek bulk clay materials, in removing lead and copper ions from 
concentrated aqueous solutions. The used materials, formed by the alteration of ultramafic rocks [1], included a 
palygorskite-rich sample (PCM), a Fe-Mg-smectite-rich sample (SCM) and a natural palygorskite/smectite mixed 
sample (MCM). Clay minerals contribute over 70% in the bulk composition of each sample being 70% paly-
gorskite and 20% smectite in PCM, 6% palygorskite and 70% smectite in SCM, and 20% palygorskite and 40% 
smectite in MCM. Subordinatemineralogical phases in all materialsincludedserpentine, quartz, plagioclase, calcite 
and dolomite. FTIR and XRD analysis indicated that the Fe-Mg-smectite phasein SCM and MCM samples has 
both dioctahedral (nontronite) and trioctahedral (saponite) characteristics.

Sorption batch experiments were carried out at 22 oC, using Pb and Cu solutions with concentrations ranging from 
0 to 800 mg/L, at a pH of 3.6, solid amount 10g/L and a reaction time of 4h. The experimental conditions were 
selected according to previous equilibrium studies [2]. Finally, the suspensions were centrifuged for 15 mins at 
~3,000 rpm and the solution pH was measured. Lead and Cu concentrations in the supernatant solutions were 
measured using AAS. 

Sorbed metal amount (qs, mg/g) increasedwith increasing metal concentration in the initial solution (C0, mg/L). 
The maximum sorbed Pb amount was~28 mg/g for PCM and ~50 mg/g for both SCM and MCM, whereas there 
spective values for Cu were~8mg/g for PCM and ~16.5 mg/g for SCM and MCM. Moreover, the pH values of the 
final suspensions tended to decrease inversely with qs, ranging from 8 to 5. Τhe Sips isotherm model fitted well 
to the experimental data (R2>0.97 for all materials). Sips isotherm incorporates both Langmuir and Freundlich 
isotherms, and is used when high solute concentrations are studied [3]. The sorption process was characterized as 
favourable and irreversible, according to the parameter Ks (L/g) (ranging from 0.02 to 0.09), and the system was 
classified as heterogeneous according to the exponent n (2-2.5), regardless the sample. 

Combining the mineralogical and sorption experimental data, it is evident that, among the three samples, the 
smectite-rich materials (MCM and SCM) show higher effectiveness in removing the studied metal ions from 
solution. Their affinity can be attributed to their high smectite content, and therefore, to the combination of both 
high specific surface area and cation-exchange capacity of the mineral phase [4]. Moreover, Pb ions are more sus-
ceptible in forming strong bonds with the mineral surface than Cu. The small hydrated radius and high hydrolysis 
constant of Pb probably enable the formation of inner-sphere complexes and stronger electrostatic bonds with the 
clay surfaces, compared to Cu. 

[1] Kastritis I.D., Kacandes, G.H. (2003). The palygorskite and Mg-Fe-smectite clay deposits of the Ventzia basin, Western Macedonia, 
Greece. Mineral Exploration and Sustainable Development-Proceedings of the 7th SGA Meeting. In: Eliopoulos, D. (ed.). Millpress, 
Rotterdam, pp. 891-894.

[2] Z. Kypritidou, A. Argyraki, G.D. Chryssikos, and M. Stamatakis (2016). “Interaction of clay materials with lead in aqeous solutions,” 
in Proceedings of the 14th International Congress, Thessaloniki, May 2016, vol. Bulletin of Geological Society of Greece, vol. L, pp. 
2221-2230.

[3] Ismadji, S., Soetaredjo, F.E. and Ayucitra, A. (2015). Clay Materials for Environmental Remediation. In: Sharma, S.K. (ed.). Springer, 
Dordrecht, pp. 124.

[4] Wilson, M. (2013). Rock-forming Minerals: Sheet Silicates-Clay minerals. Volume 3C. 2nd Ed.The Geological Society of London, Lon-
don, UK, pp. 210-705
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The presence of dyes in industrial wastewaters is a serious and long-lasting environmental problem. In fact amounts 
lower than 1 ppm change water colour, which is obviously undesirable. Methylene blue (MB) is commonly used in 
fabrics and furniture industries. MB is known to cause respiratory and abdominal problems [1] and therefore its re-
moval from wastewaters is of the utmost importance. Adsorption is considered the most effective, simple and low 
cost technique for MB removal. Recently the demand for innovative and low cost adsorbents has increased, due to 
the high production cost of common adsorbent materials (e.g. activated carbon) which hinder their widespread use 
[2]. Geopolymers are a promising alternative to conventional adsorbent materials due to their low cost production 
and green technology. They present a negatively charged aluminosilicate network where charge-balancing cations 
can be exchanged with cations in the solution [3], suggesting the possibility of using them as adsorbents [4,5]

In this study the feasibility of using biomass fly ash-based geopolymer monoliths as MB adsorbents was eval-
uated. The influence of MB concentration in aqueous solutions, contact time and geopolymers’ porosity on the 
MB removal efficiency by the geopolymers was investigated. Results show a very high MB uptake by the porous 
geopolymer monoliths which demonstrate their potential as MB adsorbents.

[1] Khan M.I., Min T.K., Azizli K., Sufian S., Man Z., Ullah H. (2015). Effective removal of methylene blue from water using phosphoric 
acid based geopolymers. RSC Advances, 61410-61420.

[2] Rafatullah M., Sulaiman O., Hashim R., Ahmad A. (2010). Adsorption of methylene blue on low-cost adsorbents: a review. Journal of 
Hazardous Materials, 70-80.

[3] Temuujin J., Riessen A. van, Williams R. (2009). Influence of calcium compounds on the mechanical properties of fly ash geopolymer 
pastes. Journal of Hazardous Materials 82-88.

[4] Novais R.M., Buruberri L.H., Seabra M.P., Labrincha J.A. (2016). Novel porous fly ash-containing geopolymer monoliths for lead ad-
sorption from wastewaters. Journal of Hazardous Materials, 631-640.

[5] Liu Y., Yan C., Zhang Z., Gong Y., Wang H., Qiu X. (2016). A facile method for preparation of floatable and permeable fly ash-based 
geopolymer block. Materials Letters, 370-373.
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INNOVATIVE GEOPOLYMER SPHERES TO BOOST BIOGAS 
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Although the global awareness regarding the greenhouse gases emissions has risen, the energy supply still relies 
mainly in fossil fuels [1]. Despite this, the interest on using more-energy efficient technologies, such as biogas, has 
attracted increased attention. Indeed this technology can mitigate the greenhouse gasses emissions in comparison 
with fossil fuels [2]. The anaerobic digestion of organic material (in bioreactors) produces biogas. This complex 
process is highly affected by the pH of the medium, which must be strictly controlled to ensure high methane 
yield. The latter is especially relevant when using high organic content substrates, which suffer rapid acidification 
and reduce systems efficiency. One common approach to overcome this pH drop is to add commercial alkaline 
materials such as lime and sodium hydroxide. Nevertheless this strategy increases process complexity and cost. 
Geopolymers are binder materials synthesized by alkali activation of silica and alumina rich materials at relative-
ly low temperatures. After geopolymerization free alkalis remains in the structure, and therefore is available for 
leaching which suggest the possibility of using them as pH buffering material [3].

In this study waste-based geopolymer spheres [4] were first developed and then evaluated as pH buffering materi-
al. Results show that the produced spheres ensure prolonged pH adjustment (over the 30 days measurements) due 
to hydroxyl ions leaching from their structure. The narrow pH fluctuation observed for these innovative materials 
demonstrates their potential as pH buffer material in several applications such as in bioreactors.

[1] IEA. CO2 emissions from fuel combustion highlights. International Energy Agency. IEA Publications, 2015 Edition, France, 2015. 
Available from: https://www.iea.org/publications/freepublications/publication/CO2EmissionsFromFuelCombustionHighlights2015.pdf.

[2] Cherubini, F., Bird, N.D., Cowie, A., Jungmeier, G., Schlamadinger, B., Woess-Gallasch, S., 2009. Energy- and greenhouse gas-based 
LCA of biofuel and bioenergy systems: key issues, ranges and recommendations. Resources, Conservation and Recycing 53, 434-447.

[3] Novais R.M., Buruberri L.H., Seabra M.P., Bajare D, Labrincha J.A. (2016). Novel porous fly ash-containing geopolymers for pH buff-
ering applications. Journal of Cleaner Production, 395-404.

[4] Novais R.M., Seabra M.P., Labrincha J.A. (2017). Porous geopolymer spheres as novel pH buffering materials. Journal of Cleaner Pro-
duction, 1114-1122.
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MINERAL TRANSFORMATIONS IN ALUMINIUM-RICH CLAYS WITH 
FIRING AND THEIR RELATION WITH SIGNIFICANT PROPERTIES
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Aluminium-rich clays with kaolinite and/or pyrophyllite are the most important raw material to manufacture 
high-quality stoneware and ceramic pavements as well as refractory ceramic. This industrial interest makes in-
teresting to determine the mineral and textural transformations that take place during the firing process and their 
influence in the physical properties of the fired products.

Three Silurian shales that outcrop in the Iberian Range (NE Spain) have been selected for this study. These ma-
terials that were previously studied [1] have significant contents in pyrophyllite, organic matter, and the lack of 
carbonates. Mineralogical and textural transformations and changes in physical properties (color, linear contrac-
tion, density, total porosity and average pore) of three shales fired from 800 to 1300 ºC have been studied; these 
modifications produce significant changes in physical properties. Raw and fired samples were analyzed by X-ray 
diffraction, transmitted light microscopy, field emission scanning electron microscopy and transmission electron 
microscopy.

Initially these samples were formed by variable proportions of illite, pyrophyllite, kaolinite, orthoclase, quartz, 
mixed layers I/S and organic matter. Kaolinite, mixed layers I/S and the organic matter were destabilized at tem-
peratures below 800 °C indicating that they are the least stable phases to the firing process. Illite, pyrophyllite and 
orthoclase remain until 1000 ºC and they show a larger stability field during the ceramic process than in natural 
environments. Quartz remains during all the firing process, although it is partly replaced by vitreous material. 
When temperature increases, hematite and mullite crystallize and the vitrification process starts from 1000 ºC. This 
vitreous phase that is the precursor of mullite is composed of variable amounts of Si, Al, O and minor proportions 
of K, Fe and Ti. 

The mullite shows variable and non-stoichiometric composition. The contents in Al range from 17.55 to 35.51%, 
Si from 13.95 to 29.55%, Fe from 0.93 to 2.04% and Ti from 0-0.31%. Probably Fe and Ti substitute partially Al 
in the structure. Its composition and crystal size change with firing temperature. The (Al+Fe+Ti) /Si ratio increases 
from 0.87 (1000) to 1.14 (1100 ºC) and to 1.90 (1300º) being closer to the Al/Si ratio of the theoretical mullite 
(2.88). The crystal size (thickness) increases with temperature from 2-3 nm thick at 1000 ºC, to 20-35 nm thick at 
1100 ºC and 40-70 nm thick at 1300 ºC. These changes reflect that the amount of crystalline defects in the mullite 
decreases.

The studied clays are less reactive to the firing process than other ceramic clays rich [2]. In carbonate and illite-rich 
clays the formation of vitreous phases starts at 800 ºC, and the mineral and textural changes also begin at lower 
temperatures those reported in this study.

Changes in colour (grey-orange-brown) with temperature are due to the loss of organic matter, the formation of 
hematite and its subsequent destabilization. Variations in linear contraction, density, total porosity and in average 
pore size are related to the destabilization of the different phases, the progress of vitrification and the crystallization 
of mullite.

Acknowledgements: this research was funded by the Spanish Ministerio de Educación y Ciencia (CGL2013-46169-C2-1-P).

[1] Bauluz, B., Subías I. (2010). Coexistence of pyrophyllite, I-S, R1 and NH4+-rich illite in Silurian black shales (Sierra de Albarracín, NE 
Spain): metamorphic vs. hydrothermal origin. Clay Minerals, 45, 383-392.

[2] Bauluz, B., Mayayo, M.J., Yuste, A., Fernandez-Nieto, C. y Gonzalez, J.M. (2004). TEM study of mineral transformations in fired car-
bonated clays: relevance to brick making. Clay Minerals, 39, 333-344.
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AMMONIUM-INDUCED DISSOLUTION OF SMECTITES. KINETICS AND 
SOLID CHARACTERIZATION

d. lamarCa-irisarri (1), a. e. s. van driessCHe (2), f. j. Huertas (1)
(1) Instituto Andaluz de Ciencias de la Tierra (CSIC-University of Granada), Armilla (Granada), Spain, (2) Institute des 
Sciences de la Terre, CNRS, Université Grenoble-Alpes, France

The mechanisms of smectite dissolution have been extensively studied, foucusing on the effect of pH, temperature 
and catalysts and inhibitors of the reaction (e.g. organic ligands, phosphates, etc.) (e.g., [1], and references there-
in). In particular, the variation of the smectite dissolution rate with solution pH is summarized as follows: the rate 
increases with decreasing pH, reaches its minimum at neutral pH and increases again for basic conditions. The 
effect of the solution pH is related to the adsorption of protons on the hydroxyl groups of the reactive surface and 
the proton transfer from solution to the mineral surface occurs through the hydronium ion.

Ammonium is a weak acid in solution. Under neutral conditions where the concentration of hydroniun is very 
low (<10-7 M), ammonium contributes to smectite dissolution. In order to quantify this influence, a series of flow-
through dissolution experiments of K-saturated montmorillonite were carried out at temperatures of 25, 50 and 70 
ºC, at five NH4 concentrations (10-4, 10-3, 10-2, 10-1 and 0.5 M) until steady state was reached.

The results show that at 25 and 50 °C the smectite dissolution rate derived from Si concentration in the output 
solutions increases with ammonium concentration. However, at 70 °C dissolution rate is aproximately constant, 
irrespecitve of ammonium concentration.

Solids were characterized after alteration by XRD, FTIR and HR-TEM. Diffraction patterns of EG solvated 
Ca-samples show an uncompleted swelling and the presence of a small peak at 10 Å. That was interpreted as an 
increased in the tetrahedral charge. Furthermore, heating at 350 ºC produces a partial collapse of the structure, with 
14 Å peaks that collapse to 10 Å after heating at 550 ºC. This behavior points out to formation of some hydroxy 
interlayered smectites (HIS) by intercalation of Al ions favored by ammonium [2]. FTIR spectra show some bands 
that can be associted to exchangeable and non-exchangeable NH4.

HR-TEM study allowed us to observe three types of fringes: 10 Å associated with non-expandable or illitic layers, 
12 Å linked to a monolayer of water hydrating the smectite interlayer and 14 Å interpreted as HIS layers, with hy-
droxy aluminum incorporation in the interlayer. Moreover in some samples belonging to the higher temperatures 
series (70 ºC), some gibbisite-like phases could be identified. They were located on smectite surface, and could 
prevent the dissolution of the smectite, inhibiting the effect of the ammonium ion as a catalizer of the smectite 
dissolution by blocking the surface reactive sites.

These results allow us to establish a bridge between our kinetics observations and solid characterization, pointing 
to an optimum of the ammonium influence on the dissolution rate between 50 and 70 ºC.

Acknowledgments: financial support was obtained from MINECO (CGL2011-22567, CGL2014-55108P), with contribution of FEDER funds. 
DLI benefited of a FPI grant.

[1] Rozalén M.L., Huertas F.J., Brady P.V., Cama J., Garcia-Palma S., Linares, J. (2008). Experimental study of the effect of pH on the kinet-
ics of montmorillonite dissolution at 25 degrees C. Geochim. Cosmochim. Acta, 72, 4224-4253.

[2] Figueras F., Klapyta Z., Massiani P., Mountassir Z., Tichit D., Fajula F., Gueguen C., Bousquet J., Auroux A. (1990). Use of competitive 
ion exchange for intercalation of montmorillonite with hydroxy-aluminum species. Clays Clay Miner 38, 257-264.
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MINERALOGY OF SWALLOW NESTS AND THE ROLE OF CLAY 
MINERALS

dimitrios papoulis (1), GeorGe iliopoulos (1), olGa tzortzakaki (2), pavlos avramidis (1), 
panaGiotis mentis (1), paraskevi lampropoulou (1)*
(1) Department of Geology, University of Patras, Rio 26 504, Patras, Greece, (2) Department of Biology, University of 
Patras, Rio 26 504, Patras, Greece

Material samples were collected from 23 swallow nests from 15 different localities in Greece and Cyprus. 11 from 
the sampled nests were built by the Barn Swallow (Hirundo rustica), 6 by the House Martin (Delichon urbicum) 
and 6 by the Red-rumped Swallow (Cecropis daurica). The nest of the Barn Swallow is an open cup consisting 
mainly of mud and plant material, placed on roof beams. The House Martin builds a closed, convex mud nest, 
mainly on house walls, whereas the Red-rumped Swallow builds a closed mud nest with an entrance tunnel in 
caves and under bridges. 

The mineralogical analyses of the samples were conducted using XRD, while semi-quantitative mineralogical 
analyses were performed. The morphology of the mineral grains was studied using SEM. Additionally grain size 
analyses were performed and plasticity indexes were determined. 

The differences in mineralogy, grain size distribution and plasticity indexes of Barn Swallow, House Martin and 
Red-rumped Swallow nests are discussed. The results show that specific clay minerals are used as cement while 
other clay minerals are not preferred while accessible. The amounts of clay minerals are low indicating that the 
studied species can identify in a pretty good accuracy the properties of the minerals that they use. As a result they 
use the clay minerals as an efficient cement building thus stable nests. Most of the other minerals that they use are 
common, easily accessible minerals like quartz, feldspars, calcite and dolomite. 
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DETERMINATION OF CLAY AND SWELLING CLAY MINERALS ON 
AGGREGATES BY USING A COMBINATION OF THREE ANALYTICAL 
METHODS: METHYLENE BLUE TEST, SAND EQUIVALENT TEST AND 
SEMI QUANTITATIVE ANALYSIS BY XRD

petros petrounias (1), panaGiota p. Giannakopoulou (1), aikaterini roGkala (1), paraskevi 
LampropouLou (1), ELEni koutsopouLou (1), dimitrios papouLis (1), BasiLios tsikouras (1,2), 
konstantin hatzipanagiotou (1) 
(1) University of Patras, Department of Geology, Section of Earth Materials, 265 00, Patras, Greece, (2) University Brunei 
Darussalam, Faculty of Science, Physical and Geological Sciences, Jalan Tungku Link, Gadong BE1410, Bandar Seri 
Begawan, Brunei Darussalam 

Clay minerals found in natural aggregates are associated with harmful effects in the wide range of their applica-
tions. A number of samples were tested, from different places of Greece, in order to estimate their suitability as 
aggregates in construction and environmental applications. An approximation of the amount of clays in the fine 
aggregate was performed with the sand equivalent test. The occurrence of swelling clay minerals in the aggregates 
was estimated with the methylene blue test, which is a rough indication for their presence in aggregates. However, 
sand equivalent shows poor correlation with methylene blue results, therefore no conclusive results can be drawn 
with regards to the influence of different clay minerals on the in-service performance of the aggregates used in 
constructions and specifically in road ballast. Preliminary results using X-ray diffraction and semi- quantification 
showed that the percentage of clay minerals in the aggregates can be a valuable asset to the determination of their 
suitability in a number of applications.
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A COMBINED DEFLOCCULATION AND COAGULATION PROCESS FOR 
DEVELOPMENT OF SELF-COMPACTING CLAY CONCRETE

gnanLi Landrou*, coraLiE Brumaud, guiLLaumE haBErt

Chair of Sustainable Construction, ETH Zürich, Switzerland

Clay minerals are widely used and are of importance to the processing in many sectors. In earthen construction 
sector, clay acts like binder for earth as it displays colloidal interactions and adhesion forces between particles and 
grains. While extensive research exists on clay dispersion [1,2] or coagulation [3,4], the purpose of this study is 
to understand and to control clay properties in earth material in order to propose an innovative strategy to develop 
a self-compacting clay concrete without use of cement. To do so, we studied the modifications of clay properties 
using inorganic and mineral additives. 

As clay rheological behaviour is controlled by their surface charge, it is observed that an addition of dispersants 
such as sodium hexametaphosphate or silicate decrease clay surface charge and reduce considerably the yield 
stress that allows to caste earth based material. We performed extensive series of rheological and zeta potential 
measurement on kaolinite clay paste to identify the driven mechanism of clay dispersion and the stability during 
time. The results show that for sodium hexametaphosphate, it exists a linear relationship between yield stress and 
square zeta. We then suggested that it disperses clay particles via electrostatic repulsion forces. Furthermore, we 
noted that at low percent of dispersant, without reaching the maximum coverage determined with zeta measure-
ment, kaolinite clay displays thixotropic and aging behaviour. Besides, we stress that when dispersed, at high 
volume fraction it is possible to observe shear thickening behaviour in clay suspension.

Although the deflocculation process allows to caste easily earth based material, it is important to accelerate the 
formwork removal by flocculating the clay suspension for rapid construction process. To do so, rheological meas-
urements on dispersed clay is used to characterize the effect of magnesium ions on dispersed clay suspensions. 
The results show that adding magnesium cations permanently increases the yield stress during time. This process 
similar to internal coagulation or cement hydration [5] allow accelerating the hardening process. In this study, it is 
suggested that the cations annihilate the effect dispersant and interact with clay particles which enable the coag-
ulation of clay particles. Yet SEM and DRX analysis are carried out to identify the precipitation products and the 
interaction with clay in order to justify and understand the hardening process.

In conclusion, we stress the dispersion mechanism of sodium hexametaphosphate and we highlight the thixotropy 
and shear thickening behaviour in dispersed and dense kaolinite suspension. Furthermore, we note that adding 
coagulants agent enable to transform permanently the rheological behaviour of clay and suppress the shear thick-
ening and thixotropy behaviour. These findings suggest that the combined deflocculation-coagulation process and 
understanding of mechanism allow proposing a new sustainable route for self-compacting clay concrete.

[1] J.L. Amorós, V. Beltrán, V. Sanz, J.C. Jarque (2010). “Electrokinetic and rheological properties of highly concentrated kaolin dispersions: 
Influence of particle volume fraction and dispersant concentration,” Applied Clay Science, vol. 49, pp. 33-43, 6.

[2] P.-I. Au, Y.-K. Leong (2013). “Rheological and zeta potential behaviour of kaolin and bentonite composite slurries,” Colloids and Surfac-
es A: Physicochemical and Engineering Aspects, vol. 436, pp. 530-541.

[3] P. Mpofu, J. Addai-Mensah, J. Ralston (2004). “Flocculation and dewatering behaviour of smectite dispersions: effect of polymer struc-
ture type,” Minerals Engineering, vol. 17, pp. 411-423, 3.

[4] X. Ma (2011). “Effect of a low-molecular-weight polyacrylic acid on the coagulation of kaolinite particles,” International Journal of 
Mineral Processing, vol. 99, pp. 17-20.

[5] K. L. Scrivener, A. Nonat (2011). “Hydration of cementitious materials, present and future,” Cement and Concrete Research, vol. 41, pp. 
651-665, 7.
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EXPERIMENTAL ALUMINIZATION OF VERMICULITE INTERLAYERS: 
AN X-RAY DIFFRACTION PERSPECTIVE ON CRYSTAL CHEMISTRY 
AND STRUCTURAL MECHANISMS

bruno lanson (1)*, eriC ferraGe (2), fabien Hubert (2), dimitri prêt (2), louis maresCHal (3,4), 
marie-pierre turpault (3), jaCques ranGer (3)
(1) ISTerre, CNRS - Univ. Grenoble-Alpes, Grenoble, France, (2) IC2MP, Univ. Poitiers - CNRS, Poitiers, France, (3) 
Biogéochimie des Ecosystèmes Forestiers, INRA, Champenoux, France, (4) Eco & Sols, CIRAD, Montpellier, France 
*Bruno.lanson@univ-grenoble-alpes.fr

Natural aluminization of swelling clay minerals is ubiquitous in acidic soils leading to the formation of hydroxy-in-
terlayered (HI) minerals. This process has drawn special attention over the last 4-5 decades owing to the negative 
impact on soil fertility of the induced reduction of cation exchange capacity. Combination of chemical analyses 
and of X-ray diffraction profile modeling on a series of experimentally self-aluminized samples aimed at an im-
proved description of HI minerals and more especially of their interlayer crystal chemistry.

Both exchangeable alkali cations and hydroxy (Al, Fe) cations coexist within HI vermiculite interlayers. The latter 
form discontinuous gibbsite-like interlayer sheets with ~15% completeness, despite layer-to-layer distances simi-
lar to that of chlorite. From charge compensation considerations, the isolated hydroxy (Al, Fe) cation clusters bear 
~1.5 positive charges per cation.

Analysis of X-ray diffraction data indicates that aluminization of initially swelling interlayers is a layer-by-layer 
process leading to mixed layers composed of randomly interstratified swelling and aluminized layers, all alu-
minized layers likely hosting a similar number of hydroxy (Al, Fe) cations along the aluminization process.

This model contradicts the widely accepted description of HI minerals as a solid solution between expandable 
2:1 clay and aluminous chlorite end-members. As a consequence, the proportion of HI layers in the mixed layer 
is a robust estimate of aluminization progress and both the amount of extractible (Al, Fe) and the extent of CEC 
decrease are positively correlated to this essential parameter.

Applicability of this model to vermiculite samples altered in forest soils will be discussed.
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DEFECTS MATTER: A VERSATILE PROGRAM FOR MODELING X-RAY 
DIFFRACTION PATTERNS OF DEFECTIVE LAYERED STRUCTURES

bruno lanson (1)*, sylvain GranGeon (2), alain plançon (3), boris a. sakHarov (4), viCtor a. 
drits (4)
(1) ISTerre, CNRS - Univ. Grenoble-Alpes, Grenoble, France, (2) BRGM, Orléans, France, (3) Orléans University, Orléans, 
France, (4) Geological Institute, Russian Academy of Sciences, Moscow, Russian Federation 
*Bruno.lanson@univ-grenoble-alpes.fr

The nature, content, and possibly distribution of structure defects controls to a large extent mineral/material re-
activity and properties. More especially, the high density of structure defects of layered minerals and materials is 
key to their reactivity. These defects range from local defects such as isomorphous substitutions, layer vacancies, 
or atomic displacements, to random or well defined stacking faults induced by non-periodic layer rotations, trans-
lations or twinning, and to mixed layering resulting from the coexistence within a given crystal of layers having 
different structure, thickness, or interlayer displacement. The occurrence of stacking faults in lamellar structures is 
favoured by the energetic similarity of the different stacking modes, owing to the weak interactions between adja-
cent layers. In addition, layered materials and minerals often exhibit minute crystal sizes that may be considered 
as an additional type of defect because of the induced disruption of the three-dimensional (3D) crystal periodicity.

To determine, control, or predict mineral/material reactivity a detailed structural characterization of layered struc-
tures, including structure defects, is thus essential, and X-ray diffraction (XRD) has been the preferred method 
of investigation for this purpose. However, as a result of their non-periodicity or their reduced periodicity, the 
diffraction maxima recorded from these compounds do not strictly obey Bragg’s law, thus hampering the use of 
conventional diffraction approaches, such as the Rietveld method. Profiles and intensities of diffraction maxima 
are affected by the nature, content, and distribution of structure defects, however, thus allowing the determination 
of these parameters with diffraction techniques.

The present talk will report on a freely-available program allowing reliable interpretation of diffraction data, and 
thus determination of average structural information, from crystals deprived of 3D periodicity. The calculation 
routine, coupled to a user-friendly GUI, is based on the algorithms developed in the mid 1970’s both in Orléans and 
Moscow, [1,2] and described in details by Drits & Tchoubar (1990) [3]. Applications to various layered structures 
will be reported.

[1] Drits, V.A., & Sakharov, B.A. (1976). X-ray structure analysis of mixed-layer minerals. 256 p. Nauka, Moscow.
[2] Plancon, A. (1981). Diffraction by layer structures containing different kinds of layers and stacking faults. J. Appl.Cryst., 14, 300-304.
[3] Drits, V.A., & Tchoubar, C. (1990). X-ray diffraction by disordered lamellar structures: Theory and applications to microdivided silicates 

and carbons. 371 p. Springer-Verlag, Berlin.
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TITANIUM IN KAOLINITES. WHAT ARE ITS SOURCES?

isaak LapidEs

Institute of Chemistry, The Hebrew University of Jerusalem, E.Y.Safra Campus, Givat Ram, Jerusalem 91904, Israel 
isaak8@hotmail.com 

The report discusses the question of the forms of trace titanium in a layered hydroxyl-aluminosilicate kaolinite. 
It is known that in most natural kaolinites, titanium oxide is present in the form of anatase. There is evidence to 
suggest that titanium can substitute octahedral aluminum in the structure of kaolinite. This work studies SEM and 
X-ray Powder Diffraction (XRD) series of kaolinites, some of which have been previously analyzed by Raman and 
FTIR spectroscopy [1,2]. It is shown that the XRD in the area (24 ÷ 27) o2Q allows to compare the most intense 
peak of anatase (1 0 1) with the intensity of the peak (0 0 2) of kaolinite, which enables semi-quantitative detection 
of anatase in kaolinites. In this work, we have undertaken to analyze our data as well as other published results, 
including previous chemical analyses, Raman and FTIR spectra, and X-ray parameters of kaolinites [3] that are 
derived by different genesis. The analysis appears to support the conclusion that the substitution AlVI by Ti, i.e. the 
direct entry of titanium into the aluminosilicate structure, occurs only at low Ti concentrations. At high contents of 
TiO2, this substitution is not realized, while the entire titanium is included exclusively in the separate crystalline 
anatase phase. This feature seems to be associated with two different sources of titanium in the process of kao-
linite formation. One source of titanium compounds is the result of the destruction of parent rocks, which release 
titanium compounds which may concentrate in kaolinite in appropriate geochemical conditions. The present work 
examines a second possibility for the appearance of Ti, as a result of the creation in situ of the titanium isotope 
22Ti47, resulting from the hypothetical Low-Energy Nuclear Reactions (LENR) in the process of the formation 
of kaolinite. The process of mineral formation is considered through the model of non-equilibrium processes in 
open dynamic systems, where such reactions are possible, and the physics of these phenomena is fully described 
within the framework of quantum mechanics. The presentation analyzes the criteria of feasibility, possible reaction 
schemes and discusses ways of the experimental verification of the proposed hypothesis. 

[1] Shoval S., G. Panczer, M. Boudeuille (2008). Study of the occurrence of titanium in kaolinites by micro-Raman spectroscopy. Optical 
Materials, 30, pp. 1699-1705.

[2] Shoval S., S. Yariv, K.H. Mihaelian, I. Lapides, M. Boudeuille, and G. Panczer (1999). A Fifth OH-Band in IR Spectra of Kaolinite. J. 
Colloid and Interface Sci., 212, pp. 523-529. 

[3] Heller-Kallai L. and I. Lapides (2007). Reactions of kaolinites and metakaolinites with NaOH - comparison of different samples (Part 1). 
Applied Clay Sci. 35, pp. 99-107. 
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CONTROLLING THE BUNDLING OF IMOGOLITE NANOTUBES BY SALT 
INTERCALATION

erWan paineau (1), moHamed salaH amara (1), Geoffrey monet (1), véronique peyre (2), stépHan 
rouzière (1), pasCale launois (1)*
(1) Laboratoire de Physique des Solides, CNRS, Univ. Paris Sud, Univ. Paris Saclay, 91405, Orsay, France, (2) Laboratoire 
PHENIX, CNRS, Sorbonne Universités, Univ. Paris 06, 75005, Paris, France 

Significant developments have been proposed over the last decade on the synthesis of imogolite-like nanotubes 
such as (OH)3Al2O3GeOH (Ge-INT, where silicon in imogolite nanotubes (OH)3Al2O3SiOH is replaced by germa-
nium) [1] or hydrophobic methylated (OH)3Al2O3SixGe1-xCH3 nanotubes [2,3]. But while liquid phase synthesis is 
well controlled, it is not the case for imogolite or imogolite-like nanotube arrangement in the final solid product. 
In particular, nanotubes are found to self-assemble or not in bundles of various sizes, which impacts the properties 
of the final product. 

J. P. Gustafsson [4] proposed that a weak positive charge is developed on the external surface of imogolite na-
notubes, which could explain the formation of bundles thanks to bound anions. To our knowledge, such pro-
posal has not been verified experimentally. Electrophoretic mobility measurements performed on a suspension 
of (OH)3Al2O3GeOH single walled nanotubes (Ge-SWINT) allowed us to show that Ge-SWINTs are positively 
charged up to pH=9.5. Then, we demonstrated that nanotubes bundling in the solid state is directly related to the 
amount of salts in the acidic suspension which was dried to obtain the final powder. Ge-SWINT organization in 
powder was studied by X-ray scattering and bundling, characterized by the number N of nanotubes in a bundle, is 
found to vary from N=1-2 to N≈60 depending on the salt amount. These experimental results show that bundling 
is indeed controlled by anion intercalation [5].

[1] Amara M.S. et al (2013). Single step formation of micron long (OH)3Al2O3Ge(OH) imogolite-like nanotubes. Chem. Commun. 49, 
11284-11286.

[2] Bottero I. et al (2011). Synthesis and characterization of hybrid organic/inorganic nanotubes of the imogolite type and their behaviour 
towards methane adsorption. Phys. Chem. Chem. Phys. 13, 744-750.

[3] Amara M.S. et al (2015). Hybrid, Tunable-diameter, Metal Oxide Nanotubes for Trapping of Organic Molecules. Chem. Materials 27, 
1488-1494.

[4] Gustafsson J.P. (2001). The surface chemistry of imogolite. Clays and Clay Minerals 49, 73-80.
[5] Paineau E. et al, to be submitted.
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INFLUENCE AND MECHANISM OF FREEZE AND THAW CYCLES ON 
STRUCTURAL, PHYSICAL AND MECHANICAL PROPERTIES OF CLAY 
SOILS

GeorGy lazorenko, anton kasprzHitskii*, viCtor yavna

Department of Physics, Rostov State Transport University, Narodnogo Opolcheniya sq., 344038, Rostov-on-Don, Russia 
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Intensive reclaiming of expansion areas of permafrost and seasonally-frozen soils, necessity of quality durability 
improvement of engineering design, construction and operation of engineering structures, railways, highways, 
oil- and gas pipelines installed in complex geocryological environments demand in-depth studies of processes of 
structural transformations in soils and changes of their physical mechanical properties under repeated freeze-and-
thaw actions.

Up to now there has been accumulated plentiful experimental and theoretical material as regards mechanisms and 
regular patterns of development of deformations of swelling of frozen soils and thawing soil subsidence which 
have different composition and structure in various engineering geocryological environments [1-3]. There has 
been gained the data regarding forces (tensions) of swelling [4,5]. Nevertheless, some issues demand research. 
Among these are influence of cryogenic factors on formation of finely dispersed components of clay soils, mech-
anisms and regular patterns of structural transformations of clay particles of frozen soils, features of thawing soil 
subsidence under simultaneous development of processes of water migration and ice segregation. There isn’t 
enough data on chemical and physical-chemical processes including transport of salts and humidity in salt soils 
under temperature and load changes and within time.

This research is devoted to the processes taking place in clay soils under cryogenic influence. We take into ac-
count modern considerations on synergy of water with different groups of minerals depending on temperature and 
ice-formation in soils. Theoretical study of ice-formation process on the surface of clay minerals has been carried 
out by methods of molecular simulation. Regular patterns of dispergation and degradation of clay particles under 
repeated freeze and thaw actions have been defined. Experimental studies of dynamics have been performed. 
Alongside with this regular patterns of structure transformation, content and properties of clay polymineral soils 
and monomineral clays under repeated freeze and thaw actions have been fetched out in accord with the data of 
IR-spectroscopy and X-ray structural analysis. These results are of great practical interest and have potential to be 
applied in engineering construction on permafrost and season-frost soils. 

[1] Cui Z.D., He P.P., Yang W.H., (2014). Mechanical properties of a silty clay subjected to freezing-thawing. Cold Regions Science and 
Technology, 26-34.

[2] Qi J., Vermeer P.A., Cheng G. (2006). A review of the influence of freeze-thaw cycles on soil geotechnical properties. Permafrost and 
Periglacial Processes, 245-252. 

[3] Tian H., Wei C., Wei H., Zhou J. (2014). Freezing and thawing characteristics of frozen soils: Bound water content and hysteresis phe-
nomenon. Cold Regions Science and Technology, 74-81. 

[4] Qi J., Ma W., Song C. (2008). Influence of freeze-thaw on engineering properties of a silty soil. Cold Regions Science and Technology, 
397-404. 

[5] Simonsen E., Isacsson U. (2001). Soil behavior during freezing and thawing using variable and constant confining pressure triaxial tests. 
Canadian Geotechnical Journal, 863-875.
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HALLOYSITE BASED MATERIALS FOR CONSERVATION OF CULTURAL 
HERITAGES

vanessa bertolino, Giuseppe Cavallaro, Giuseppe lazzara*, stefana milioto, filippo parisi 
University of Palermo, Department of Physics and Chemistry, Palermo, Italy 
*giuseppe.lazzara@unipa.it

The consolidation of archaeological wooden finds is an extremely complex process as the main difficulty is due to 
the wood high sensitivity to the environment. The waterlogged woods are found in marine or in anoxic and very 
humid areas; these conditions promote somewhat conservation of wooden finds because of the low temperatures 
and low amounts of oxygen. The maximum moisture content, the basic density and the wood substance density 
are parameters which also provide the preservation state of waterlogged archaeological wood. Under extreme con-
ditions, the wood loses mechanical resistance and becomes similar to a sponge. Consequently, the drying process 
assumes a crucial role converting the wood into a compact material which has lost the original structure. 

Similarly, paper based artefacts undergo to aging processes. In this case, a consolidation flanked by chemical pro-
tection is required. 

The proposed materials used over the years for the consolidation of cellulose-based artefacts are numerous, never-
theless, many questions are still to be solved. The remarkable development in the field of nanotechnology provides 
new materials and approaches in principle valuable for protecting archaeological heritage. With this in mind, we 
prepared a consolidant based on halloysite nanotubes (HNT). Halloysite is a natural clay, abundant over the world, 
no-toxic and inexpensive. Halloysite nanotubes possess hollow tubes with diameters of the order of 80 nm and 
lengths of ca. 700 nm. The addition of halloysite nanotubes to biopolymers might cause an improvement of the 
mechanical and thermal properties. Another interesting aspect of using HNT as nanofiller is the ability to load ac-
tive chemical agents into the lumen for a controlled release. Thermal and mechanical properties were determined 
for the halloysite based nanocomposites at various compositions. To the light of these insights, samples of water-
logged archaeological wood and paper were consolidated. 

Thermal analysis was carried out to investigate the degradation of the materials. Mechanical experiments under 
controlled humidity conditions were carried out on bionanocomposites. Relative humidity (RH) is a key parameter 
for such a kind of biological materials.
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LIONS UMR-3685, F-91191 Gif-sur-Yvette cedex, France, (3) CEA/Saclay, DEN/DANS/DPC/SECR, F-91191 Gif-sur-
Yvette Cedex, France, (4) CRMD UMR 6619, 1b rue de la Férollerie, F-45100 Orléans, France, (5) LENS, University of 
Florence, Italy

The radiolytic decomposition of water has significant impact in the nuclear industry. H2 radiolytically formed by 
water decomposition might lead to explosion and overpressure hazards in the waste package. In the context of 
high level radioactive waste management, heterogeneous materials such as clay minerals (or concrete) are possible 
candidates around the waste package. For instance, bentonite, which major component is montmorillonite (Mt, 
the most representative swelling clay mineral of the smectite group), is foreseen in France as backfilling material 
for its swelling and retention properties. However, the significant amount of water present in the interlayer space 
and between the particles might enhance the H2 production under irradiation, and despite the environmental sig-
nificance, only a few studies discuss the water radiolysis in those systems. In this context, we have decided to 
investigate the dynamics and the reactivity of water molecules confined in natural montmorillonites from Camp 
Berteau, Marocco. 

Ultrafast infrared spectroscopy of the O−D stretching mode of dilute HOD in H2O probes the local environment 
and the hydrogen bond network of confined water [1]. The dynamics of water molecules confined in the interlayer 
space of montmorillonites and in interaction with two types of cations (Li+ and Ca2+) but also with the negatively 
charged siloxane surface was studied. The results evidenced that the OD vibrational dynamics was significantly 
slowed down in confined media: it went from 1.7 ps in neat water to 2.6 ps in the case of Li+ cations with two water 
pseudolayers (2.2−2.3 ps in the case of Ca2+ cations) and to 4.7 ps in the case of Li+ cations with one water pseud-
olayer. No significant difference between the two cations was noticed. In this 2D confined geometry (the interlayer 
space being about 0.6 nm for two water pseudolayers), the relaxation time constants obtained were comparable to 
the ones measured in analogous concentrated salt solutions. Nevertheless, and in strong opposition to the obser-
vations performed in the liquid phase, anisotropy experiments evidenced the absence of rotational motions on a 5 
ps time scale, proving that the hydrogen bond network in the interlayer space of the clay mineral is locked at this 
time scale.

Lastly, the impact of confinement on the reactivity under irradiation of confined water molecules was investigated. 
The radiolysis of water confined in natural montmorillonites was studied as a function of the composition of the 
montmorillonite, the nature of the exchangeable cation, and the relative humidity by following the H2 production 
under electron irradiation [2]. It was shown that the main factor influencing this H2 production was the water 
amount in the interlayer space. The effect of the exchangeable cation was linked to its hydration enthalpy. When 
the water amount was high enough to get a basal distance higher than 1.3 nm, then a total energy transfer from the 
montmorillonite sheets to the interlayer space occured, and the H2 production measured was very similar to the 
one obtained in bulk water. For a basal distance smaller than 1.3 nm, the H2 production increased with the relative 
humidity and thus with the water amount.

[1] Le Caër S., Lima M., Gosset D., Simeone D., Bergaya F., Pommeret S., Renault J.-P., Righini R. (2012). Dynamics of Water Confined in 
Clay Minerals. J. Phys. Chem. C, pp 12916-12925.

[2] Fourdrin C., Aarrachi H., Latrille C., Esnouf S., Bergaya F., Le Caër S. (2013). Water Radiolysis in Exchanged-Montmorillonites: The H2 
Production Mechanisms. Environ. Sci. Technol., pp 9530-9537.
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REACTION MECHANISMS IN SWELLING CLAYS UNDER IONIZING 
RADIATION: IMPACT ON THE GEOLOGICAL STORAGE OF THE 
NUCLEAR WASTE

laine maxime (1), allard tHierry (2), balan etienne (2), robert jean-louis (2), 
LE caër sophiE (1)*
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The influence of ionizing radiation on clay minerals is poorly known, in spite of their use as a major component of 
the engineered barrier in High Level Nuclear Waste Repositories (HLNWR). In this context, the production of H2 
by clay minerals under ionizing radiation could be a real issue. It can, e.g., lead to the loss of radionuclide reten-
tion properties by creating cracks in the engineered barrier. It is thus important to determine H2 formation reaction 
mechanisms and to understand the role of several parameters on this production, such as the water amount, the 
presence of impurities and the nature of the clay mineral.

We studied synthetic clay minerals (talc, which has no water molecules, montmorillonite and saponite which 
exhibit charge excess in different locations) [1-2] and also natural montmorillonites from Camp Berteau [3]. The 
reactivity under electron irradiation is deciphered thanks to H2 production measurements at well-defined relative 
humidities together with electron spin resonance experiments that allow detecting the defects created upon irradi-
ation. Comparing the reactivity induced in the synthetic samples enables understanding the impact of the presence 
of two-dimensionally confined water molecules and the influence of the charge location in the sheets of the clay 
mineral. Moreover, the comparison between synthetic and natural talc evidences the strong role played by impuri-
ties on the H2 production yields [1]. We find that H2 production is due to the presence of structural -OH groups and 
that the confinement of water molecules is a crucial factor. Moreover, the charge location in the sheets of the clay 
minerals plays only a marginal role [1-2]. All these results will be discussed and the corresponding reaction mech-
anisms will be presented. Lastly, the role of impurities in natural clay minerals such as Fe3+ that strongly decrease 
the H2 production will be discussed.

[1] Lainé M., Allard T., Balan E., Martin F., Von Bardeleben H.J., Robert J.-L., Le Caër S. (2016). Reaction mechanisms in talc under ionizing 
radiation: evidence of a high stability of H● atoms, J. Phys. Chem. C, pp 2087-2095.

[2] Lainé M., Balan E., Allard T., Paineau E., Jeunesse P., Mostafavi M., Robert J.-L., Le Caër S. (2017). Reaction mechanisms in swelling 
clays under ionizing radiation: influence of the water amount and of the nature of the clay mineral. RCS Adv., pp 526-534.

[3] Fourdrin C., Aarrachi H., Latrille C., Esnouf S., Bergaya F., Le Caër S. (2013). Water Radiolysis in Exchanged-Montmorillonites: The H2 
Production Mechanisms. Environ. Sci. Technol., pp 9530-9537.
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It has been shown that the clayey medium selected by the French Agency for the Management of Nuclear Wastes 
(ANDRA) as part of the Cigéo [1] Deep Storage Project is unsaturated in water after drilling. However, although 
many studies have focused on predicting the performances of clay minerals as barrier materials in the containment 
of high-level radioactive waste by evaluating the diffusion of mobile species, the systems considered are often sat-
urated. Thus calculation codes used to study the reactive transport of species at the scale of the storage structures 
based on data obtained experimentally or theoretically describe rather well the saturated clay pore systems. On the 
other hand, available data becomes more sparse in the case of unsaturated pores. Yet, the unsaturation can deeply 
modify properties such as species distributions and diffusion coefficients. Thus, microscopic studies of unsaturated 
pores are necessary in order to implement the unsaturated case in reactive transport codes [2].

In the present work, we choose to study unsaturated pores of Na-montmorillonite, which is the main clay mineral 
in bentonite. The negative charge of the clay induces an overconcentration of cations at the surface as well as an 
exclusion of the anions described more or less well by the double layer model in the saturated case. Thereby we 
have investigated the impact of unsaturation and salinity on this double layer and we compared our results with 
theoretical models such as Poisson-Boltzmann. The impact of unsaturation on the mobility of species was also 
measured by calculating their diffusion coefficient. All these properties are calculated on the microscopic scale by 
Molecular Dynamics simulations in order to validate macroscopic laws or, if necessary, to propose new ones that 
could be integrated in a mesoscopic code such as calculation codes mentioned earlier. Finally, because the system 
presents two interfaces, a solid-liquid interface and a liquid-gas interface, we will compare the results between a 
reference non-polarizable force field, CLAYFF [3], and a polarizable force field that should better take into ac-
count the phenomena at the interfaces [4,5]. For the latter, we chose to use PIM [6], a new force field currently in 
development at PHENIX laboratory.

[1] ANDRA. Dossier (2005). Référentiel du site Meuse/Haute Marne. Tome 2; Report CRPADS040022_B.
[2] Tinnacher, R.M., Holmboe, M., Tournassat, C., Bourg, I.C. & Davis, J.A. (2015). Ion adsorption and diffusion in smectite: molecular, 

pore, and continuum scale views. Geochim. Cosmochim. Acta.
[3] Cygan T., Liang J.-J., Kalinichev A.G. (2004). Molecular models of hydroxide, oxyhydroxyde, and clay phases and the development of a 

general force field. J. Phys. Chem. B, 108 (4): 1255-1266.
[4] Jungwirth P., & Tobias D.J. (2006). Ion Specific Ion Effects at the Air/Water Interface. Chem. Rev., 106 (4) : 1259-1281.
[5] Kalinichev A.G., Wang J., Kirkpatrick R.J.: Molecular dynamics modeling of the structure, dynamics and energetics of mineral-water 

interfaces (2007). Application to cement materials. Cem. Concr. Res., 37(3):337-347.
[6] Tesson, S., Salanne, M., Rotenberg, B., Tazi, S., Marry, V. (2015). A Classical Polarizable Force Field for Clays: Pyrophylliteand Talc, 

J. Phys. Chem C.
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CAN ORGANOCLAYS BE EFFICIENT AS GEOCHEMICAL BARRIERS 
FOR THE RETENTION OF PHARMACEUTICALS?
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Due to their low permeability and their high sorption properties, clay materials rich in smectite are often used as 
geochemical barrier in the case of waste landfill or waste water treatment. If these materials are well-known to 
adsorb cationic contaminants through ion exchange or by surface complexation, they appear to be less efficient 
to retain neutral or anionic compounds, such as pharmaceutical products (PP). Organoclays, hybrid materials 
based on clay materials and cationic surfactants, were proposed as realistic alternatives for the sorption of organ-
ic compounds and pharmaceuticals [1-3]. If their efficiency was highlighted in batch experiment conditions, no 
study stressed out the sealing performance of organoclays during percolation experiments, where the solution is 
constantly renewed.

 Thus, the aim of this work was first to characterize, through percolation experiments by using an œdometric cell 
coupled with an injection system under controlled pressure [4], the hydromechanical properties (swelling and 
hydraulic conductivity) of different organoclays prepared with various cationic surfactants. The hydromechanical 
properties determined by using pure water as injected solution and compared to the sodium exchanged smectite 
from Wyoming (Na-SWy2) appeared to be closely related to the nature of surfactant and its organization. The in-
corporation of surfactants within the interlayer space of the layered materials increases the hydraulic conductivity 
of about 100 times to that of the Na-SWy2 (k = 10-12 m.s-1). This significant increase of permeability will unfortu-
nately lead to a lower interaction duration between organoclays and contaminants in solution, a disadvantage for 
sorption mechanism which was more particularly studied in the case of the amoxicillin, one of the most useful 
antibiotic for the treatment of several bacterial infections.

[1] Akcay G., Kilinc E., Akcay M. (2009). The equilibrium and kinetics studies of fluorbiprofen adsorption onto tetrabutylammonium mont-
morillonite (TBAM). Colloid Surface A, 335, 189-193.

[2] De Oliveira T., Guégan R. (2016). Coupled organoclay/micelle action for the adsorption of diclofenac. Environmental Science and Tech-
nology, 50, 10209-10215.

[3] De Oliveira T., Guégan R., Thiebault T., Le Milbeau C., Muller F., Teixeira V., Giovanela M., Boussafir M. (2017). Adsorption of di-
clofenac onto organoclays: effects of surfactant and environmental (pH and temperature) conditions. Journal of Hazardous Materials, 
323, 558-566.

[4] Le Forestier L. Muller F., Villiéras F., Pelletier M. (2010). Textural and hydration properties of a synthetic montmorillonite compared with 
a natural Na-exchanged clay analogue. Applied Clay Science, 48, 18-25. 
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Struvite (MgNH4PO4·6H2O) is an important mineral in environmental, material, medical sciences and industries 
[1-5]. Precipitation of this mineral is commonly used for a treatment of wastewater contaminated by phosphate and 
a recycling of precipitates as a fertilizer [1,2]. In addition, struvite is of great interest in medical science because it 
is often found in kidney stones related to urinary systems [5]. The structure of struvite is very sensitive to tempera-
ture changes, which may result in its drastic thermal decomposition [4-6]. Struvite also has a temperature-sensitive 
equilibrium in solution, which can lead to significant changes in the formation of struvite particles with different 
physical properties [7,8]. Therefore, studies on temperature-dependent struvite have focused on developing ferti-
lizers and controlling the removal of P in wastewater treatment, as well as on the thermal stability of struvite for 
medical purposes improving its applicability in various fields.

Struvite and other magnesium minerals were synthesized by a wet precipitation under different temperature (T(S)), 
15-60 °C, and dried 45 and 60 °C, respectively. All samples were characterized by XRD, TGA, ATR FT-IR, and 
FE-SEM. Struvite was only formed at T(S)≤30 °C and had an inverse relationship between its crystallinity and T(S). 
The crystallinity of struvite decreased with increasing drying temperature (T(D)) due to the escape of water and 
ammonium from the structure of strivite, indicative of critical thermal decomposition temperature point between 
45 to 60 °C. Interestingly, struvite formed at lower T(S) showing higher crystallinity was more resistant to the ther-
mal decomposition. Crystal morphologies for the samples are also related to temperature. Penniform-like crystals 
formed at T(S), 15-20 °C were dominant more than prismatic shape crystals formed at T(S), 25-30 °C. Our results 
demonstrate that the formation and physical properties of struvite can be controlled by temperature seriously.

[1] M.R. Gaterell, R. Gay, R. Wilson, R.J. Gochin, J.N. (2000). Lester, Environ. Technol., 21(9), 1067-1084.
[2] T.H. Muster, G.B. Douglas, N. Sherman, A. Seeber, N. Wright, Y. Güzükara (2013). Chemosphere, 91(5), 676-684.
[3] Sarkar, A.K. (1991). Hydration/dehydration characteristics of struvite and dittmarite pertaining to magnesium ammonium phosphate 

cement systems. Journal of materials science, 26(9), 2514-2518.
[4] Kurtulus, G., & Tas, A.C. (2011). Transformations of neat and heated struvite (MgNH4PO4·6H2O). Materials Letters, 65(19), 2883-2886.
[5] Frost, R., Weier, M., & Erickson, K. (2004). Thermal decomposition of struvite. Journal of Thermal Analysis and Calorimetry, 76(3), 

1025-1033.
[6] Bhuiyan, M.I.H., Mavinic, D.S., & Koch, F.A. (2008). Thermal decomposition of struvite and its phase transition. Chemosphere, 70(8), 

1347-1356.
[7] Bouropoulos, N.C., & Koutsoukos, P.G. (2000). Spontaneous precipitation of struvite from aqueous solutions. Journal of Crystal Growth, 

213(3), 381-388.
[8] V. Babić-Ivančić, J. Kontrec, D. Kralj, L. Brečević (2002). Croat. Chem. Acta, 75(1), 89-106.
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Korea Institute and Mineral Resources (KIGAM) has implemented a project for the application and utilization 
technology development using clays minerals in pharmaceutical, food and cosmetics usages since 2014. The pri-
mary target in the initial stage of development aims to evaluate the applicability of bentonites for the pharmaceuti-
cal and food usages. The geological mapping and the drilled core specimens show promising bentonites resources 
from the volcanic complex at south-eastern area of the Korean peninsula, and the bentonites mineralization is 
closely related to the geological structure like faulting system. 

One of the critical issues for the use of clays in the pharmaceutical industry is the content of toxic heavy elements 
and microbial contaminants which defined in US and European pharmacopoeias. The particle size control using 
continuous centrifuging was done, and the spray drying was applied to the microbial limit test evaluation. The 
bentonites samples were separated using a sedimentation method, subsequently fractional yield, analysing mineral 
assemblage, montmorillonite content, and cation exchange capacity fir the purification of the bentonites. However, 
opaline phase was remained after the simple sedimentation method. A novel method, using by combining ultrason-
ic dispersion and ultra-fine particle separation, was applied to separate opaline phase from the bentonites. KIGAM 
is collecting more than 500 representative clay specimens from the country for the standardization for the food and 
pharmaceutical quality of domestic clay minerals. And KIGAM is building the clean manufacturing pilot facility 
to fulfil the Bulk Good Manufacturing Practise (BGMP) regulation.

For the application of microbials in the bentonites to the food industry, it is revealed microorganisms in the phylum 
and proteobacteria and firmicutes were identified to be dominant members. The isolated Bacillus and Lactic acid 
bacteria are applied to the fermented food affecting the enzymatic reactions of industrial enzymes including cellu-
lose, protease, and lipase. It suggests that clay mineral can be used as fermentation modifier for Korean fermented 
foods.

In the presentation, we will introduce a case study using organic-rich mud for cosmetic application. In the local 
beach area, there is a well-known mud festival which attracts tourists to enjoy the effectiveness of mud painting 
and mud cosmetic products.

We will further be activating the multidisciplinary researches relating with medical, pharmaceutical, and applied 
clay sciences. And the domestic production of purified and quality-assured bentonites will safely and effectively 
widen our research development into the use of clay minerals as drug delivery systems, diagnostic media, or a 
material in various formulations of drug products.

Acknowledgements: this is a part of research results granted to KIGAM from the Ministry of Science, ICT and Future Planning. Also the au-
thors express gratitude to collaborators of the Korea Food Research Institute. 

[1] Kang I.-M. et al (2016). Application technology development of domestic clay minerals for food and drug industries. KIGAM Report 
GP2015-019-2016(1). 1774 p.
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Besides dehydroxylation that a common reaction for all heated phyllosilicates, thermal transformation of phyllo-
silicates containing ferrous iron involves dehydrogenation related to oxidation of Fe2+ [1,2,3]. If dehydrogenation 
occurs, it removes hydrogen that is a crucial element in the dehydroxylation reaction. Therefore, if no dehydro-
genation prior to dehydroxylation occurs, mass loss corresponding to dehydroxylation should match the mass loss 
calculated from the mineral formula. 

In this study isothermal thermogravimetric experiments were carried out to determine the mechanism and order 
of these overlapping reactions in ferrous chlorite. An iron-rich chlorite (Fe2+

3.4Mg0.9Mn0.1Fe3+
0.2Al1.3)(Si2.65Al1.35)

O10(OH)8, chamosite IIb (Gendarme, Mont Blanc) was investigated under isothermal conditions in pure nitrogen 
flow by heating for a period from 1 hour to 48 hours at different temperatures in the range of 350-475 °C, followed 
by a ramp heating to 1000 °C with a 10 °C/min rate. Mössbauer spectroscopy was used to determine the extent of 
Fe2+ oxidation after isothermal heating and subsequent ramp heating.

In the studied chlorite a thermal treatment involving only the fast-rate ramp heating resulted in the total mass loss 
closely corresponding to the theoretical mass loss. Such a fast and complete dehydroxylation at 1000 °C led to the 
insignificant increase of iron Fe3+ from 5% to 8% of total iron. These results imply no or little oxidation, thus no 
dehydrogenation, during progressing dehydroxylation. However, when isothermal heating was involved prior to 
the ramp heating, the total mass loss was lower. The greatest difference between the theoretical and experimental 
total mass loss was obtained by heating the chlorite for 48 hours at 390, 400 or 410 °C, and the Fe3+ fraction of the 
isothermally-heated sample reached almost 80%. Any lower or higher isothermal temperatures resulted in greater 
mass loss and lower degree of Fe oxidation. The reason behind this variation is the decrease of the quantity of 
OH groups available for dehydroxylation due to dehydrogenation of OH groups coordinated to Fe2+ releasing hy-
drogen. At isothermal temperatures below 390-410 °C dehydrogenation is minimal while at greater temperatures 
dehydroxylation precedes dehydrogenation. The Mossbauer spectroscopy returns the change of relative amount 
of oxidized iron, which directly correlates to the extent of dehydrogenation thus the lower mass loss upon dehy-
droxylation. After isothermal heating small structural changes take place. Newly oxidized Fe3+ tends to form of the 
OH coordination in R2+ R2+ Fe3+ and R2+ Fe3+ Fe3+ associations, which gives minor infrared absorption bands [1,2]. 
Mossbauer and infrared spectroscopy indicate that not all OH groups initially coordinated with Fe2+ are lost during 
the oxidation process stimulated by dehydrogenation. 

Although the processes of dehydrogenation linked to Fe2+ oxidation and dehydroxylation occur simultaneously 
during isothermal heating, in a particular range of temperature and isothermal time one of these reactions is more 
favourable. When the minimum temperature for the particular reaction is attained the dehydroxylation occurs 
faster while dehydrogenation requires more time. A fast ramp heating highly enhances dehydroxylation over de-
hydrogenation. 

[1] Rouxhet, P., Gillard, J. & Fripiat, J. (1972). Thermal decomposition of amosite, crocidolite, and biotite. Mineral. Mag, 38 (March), pp. 
583-592. 

[2] Sanz, J., González-Carreño, T. & Gancedo, R. (1983). On dehydroxylation mechanisms of a biotite in vacuo and in oxygen. Physics and 
Chemistry of Minerals, 9(1), pp. 14-18.

[3] Borggaard, O.K. (1982). Oxidation and Reduction of Structural Iron in Chlorite at 480 °C. Clays and Clay Minerals, 30(5), pp. 353-363. 
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Layer stacking disorder contributions to X-ray powder diffraction (XRPD) line profiles of KGa1, KGa2, API9 
and Keokuk kaolinite samples were investigated exploiting a variety of reference patterns simulated via the De-
bye scattering equation (DSE) [1]. XRPD patterns of a large collection of numerical models of different kaolinite 
microstructures were simulated to evaluate the effects of crystallite size distribution and various types of stacking 
disorder. In particular, the line profile features corresponding to variable in-plane shift of stacked layers were 
investigated. Not only were the hkl peaks affected, but the 00l peaks also shifted and broadened depending on 
the spacing and degree of overlap of the stacked layers. High resolution XRPD patterns for the kaolinite samples 
and their comprising particle-size fractions were characterized based on the relative intensity sequence of the hkl 
peaks, accounting for the different crystallite size distributions and several sources of stacking disorder. As all 
measurements were made using capillary geometry while the sample was spinning at high frequency, no aberra-
tions due to preferential orientation of crystallites were considered, in agreement with assumptions in the DSE. 
Although roughly confirming previous estimates of the disorder in layer stacking, a non-negligible relative shift of 
stacked layers was observed to significantly affect the estimation of stacking fault probability. In addition, disorder 
in layer stacking was characterized as a function of the particle size, separating the different types of line broaden-
ing contributions (i.e., stacking fault, layer-shape shift, misorientation and crystallite size).

[1] Leonardi A., Bish D.L. (2016). High-performance powder diffraction pattern simulation for large-scale atomistic models via full-preci-
sion pair distribution function computation. Journal of Applied Crystallography (49), 1593-1608.
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Bentonite (Na montmorillonite) is an important commercial clay mineral with many uses such as drilling mud, 
binder of iron ore pellets, latex paint additive, facial mask, purification additive of edible oils, nuclear waste stor-
age barrier and impermeable slurry wall for isolating contaminated water in construction sites. Aqueous bentonite 
slurry displayed many intriguing properties such as particle swelling, time-dependent mechanical properties and 
a very high yield stress at a low concentration of 5-10 wt% solids. When this mineral is found in significant quan-
tity in mine tailings it poses a huge waste disposal problem. Such tailings are very low density and difficult to 
consolidate requiring a massive area for its disposal. The strength and nature of the interparticle force, the particle 
concentration and shape, heterogeneity and location of surface charges, and the microstructure all contribute to this 
low density, time dependent, yield stress behaviour. Surface chemistry-rheology correlations such as that between 
yield stress, a measure of strength of interparticle attractive force in the particle network, and zeta potential, a 
measure of the interparticle repulsive force, appeared not to hold for this slurry [1]. The zeta potential was shown 
repeatedly to be quite insensitive to pH [1-2]. Phase state analysis of experimental microstructural data assigned a 
“flocculated” state to this slurry at an unusually high ionic strength of >0.2 M of a 1:1 electrolyte [3] corresponding 
to the collapse of the gel [4]. In this study, phosphate-based additives, 3-charge phosphate, 4-charge pyrophosphate 
and 5-charge triphosphate, were used to probe the strength of the interparticle force in 7 wt% bentonite slurries. 
The positive charge residing on the edge of the alumina sheet (being sandwiched between two silica sheets) is 
postulated to interact with these anions. The thickness of this alumina sheet may affect the interaction with these 
additives of different size and charge. 

The yield stress showed a sharp decrease with additive concentration for all three phosphate-based additives in the 
low concentration region. The reduction in the yield stress is an indication of a weakening attractive interaction 
between particles in the gel. At the high additive concentration region, the decrease is more gradual for P2O7

4- and 
P3O10

5-. The (normalised) yield stress decrease behaviour for P2O7
4- and P3O10

5- was almost identical across the 
whole concentration range. However, with the PO4

3- additive, the decrease stopped at a certain concentration and 
began to rise again but in a gradual manner. Complete dispersion of the slurry was not observed even at P2O7

4- and 
P3O10

5- concentration as high as 2 dwb% (g P2O7
4- or P3O10

5- per 100g bentonite) as indicated by the presence of a 
finite yield stress. There is currently no plausible model that can explain this behaviour. 

1. The gel with 2.0 dwb% PO4
3- displayed time-dependent behaviour where its yield stress increased with ageing 

time. In contrast the gel with the same concentration of P2O7
4- did not show such time-dependent behaviour. 

A possible explanation is a much stronger adsorption bond being formed by P2O7
4- on the alumina edge. The 

size of this anion must be just right to sit ideally on the alumina surface with minimal repulsive interaction of 
the negatively charged sites on the silica edge. 

2. Drilling mud is composed of many ingredients [5]. One of these phosphate additives is an important ingredient 
added to drilling muds as a wetting and dispersing agent. The knowledge gained from this study will help the 
drilling mud formulator to achieve the desired mud rheology and stability with the correct selection of the 
phosphate additive and concentration to use. 

[1] Au P.I., Leong Y.K. (2016). Surface chemistry and rheology of slurries of kaolinite and montmorillonite from different sources, KONA 
powder particle J., 33, 17-32.

[2] Callaghan I.C., Ottewill R.H. (1974). Interparticle forces in montmorillonite gels. Faraday Discuss Chem Soc 57,110-118.
[3] Jean-Christophe P.G., Clement S., Davidson P. (1996). Observation of nematic liquid-crystal textures in aqueous gels of smectite clays, 

J. Phys. Chem., 100, 11139-11143.
[4] Chang W.Z., Leong Y.K. (2014). Ageing and collapse of bentonite gels- effects of Li, Na, K and Cs ions, Rheol. Acta 53,109-122.
[5] Sehly K., Chiew H.L., Li H., Song A., Leong Y.K., Huang W. (2005). Stability and ageing behaviour and the formulation of Potassi-

um-based mud. App Clay Sci., 104, 309-317.
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FAST AND ACCURATE DIFFRACTION PATTERN CALCULATION FROM 
DISORDERED CLAYS: OLD VERSUS NEW APPROACHES

mattEo LEoni (1)*, aLBErto LEonardi (2)
(1) DICAM University of Trento, Trento, Italy, (2) FAU Erlangen, Erlangen, Germany

The quantitative analysis of the powder diffraction pattern of disordered clays has been the subject of extensive 
publications since the fifties. The stacking disorder, in fact, modifies the symmetry of the material locally: as a 
consequence the small unit cell that we can clearly identify as repeating unit in the plane, is no longer sufficient to 
describe the material in its entirety. The feature is common to a multitude of materials of undoubted scientific and 
technological importance. 

Recently, the interest in the topic has been revived and a few approaches have been proposed/reprised, such as e.g. 
the use of the Debye scattering equation [1], the matrix method [2,3], a Fourier/matrix structure/microstructure 
formalism based on the recursive approach [4] and a Rietveld-compatible supercell method [5,6]. 

A framing of those methods in the context of the existing literature (e.g. [7-12]) is proposed, to show advantages 
and limits in terms of accuracy and speed. Several apparently different methods are just a different parameterisa-
tion of the same formalism. A recently proposed form of the matrix/recursive method is presented for a fast recon-
struction of the powder pattern of clays and of materials with faults on possible multiple orthogonal axes, properly 
taking the microstructure (thus e.g. size distribution) into account [13]. The current computing speed opens the 
possibility of real time computing and refining - thus not just simulating - the structure/microstructure of layered 
materials, and to accurately quantify them in mixtures. 

Theory, benchmarking and applications are shown and discussed.

[1] Debye, P. (1915). Zerstreuung von Röntgenstrahlen. Nachr. Ges. Wiss. Goettingen, Math.-Phys. Kl. 1915, 70-76.
[2] Sakharov, B.A., Drits, V.A., McCarty, D.K., & Walker, G.M. (2016). Modeling powder x-ray diffraction patterns of the clay minerals 

society kaolinite standards: KGA-1, KGA-1b, and KGa-2. Clays Clay Miner. 64, 314-333.
[3] Dumon, M. & Van Ranst, E. (2016). PyXRD v0.6.7: A free and open-source program to quantify disordered phyllosilicates using mul-

ti-specimen X-ray diffraction profile fitting. Geosci. Model Dev. 9, 41-57.
[4] Koch R. & Leoni M. (2015). Combined quantitative analysis of structure and nanostructure in disordered crystalline materials. Scientific 

Reports. Submitted.
[5] Ufer, K., Kleeberg, R., Bergmann, J., Curtius, H., & Dohrmann, R. (2008). Refining real structure parameters of disordered layer struc-

tures within the Rietveld method. Zeitschrift für Krist. Suppl. 2008, 151-158.
[6] Ainsworth, C.M., Lewis, J.W., Wang, C., Johnstone, H.E., Mendhis, B.G., Brand, H.E.A., Coelho, A.A. & Evans, J.S.O. (2016). 3D 

Transition Metal Ordering and Rietveld Stacking Fault Quantification in the New Oxychalcogenides La2O2Cu2-4xCd2xSe2. Chem. 
Mater. 28, 3184-3195.

[7] Hendricks, S.B. & Teller, E. (1942). X-Ray Interference in Partially Ordered Layer Lattices. J. Chem. Phys. 10, 147-167.
[8] Allegra, G. (1961). A simplified formula for the calculation of the X-ray intensity diffracted by a monodimensionally disordered structure. 

Acta Crystallogr. 14, 535-535.
[9] Kakinoki, J. & Komura, Y. (1965). Diffraction by a one-dimensionally disordered crystal. I. The intensity equation. Acta Crystallogr. 19, 

137-147.
[10] Treacy, M.M.J., Newsam, J.M., & Deem, M.W. (1991). A general recursion method for calculating diffracted intensities from crystals 

containing planar faults. Proc. R. Soc. A Math. Phys. Eng. Sci. 433, 499-520.
[11] Lanson, B. (201). Modelling of X-ray diffraction profiles: Investigation of defective lamellar structure crystal chemistry, p. 151-202, in:
[12] Layered mineral structures and their Application in Advanced Technologies, edited by: Brigatti, M.F. and Mottana, A., EMU Notes in 

Mineralogy, European Mineralogical Union and the Mineralogical Society of Great Britain and Ireland, UK.
[13] Bergaya, F. & Lagaly, G. (2013). Handbook of Clay Science 2nd ed., Elsevier. ISBN 9780080993645.
[14] Leoni M. (2017). Fast and accurate computing of the diffraction pattern of layered materials. In preparation.
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RAW MATERIALS OF BELARUS FOR SAFE STORAGE AND DISPOSAL 
OF RADIOACTIVE WASTE
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Due to the intensive nuclear power development worldwide there is an emerging problem of safe management of 
radioactive waste (RW), long-term storage and disposal of radioactive waste, as well as radioecological safety and 
elimination of the radiation accidents consequences at nuclear power plants (NPP). The search of low cost mate-
rials with high sorption properties which can selectively sorb radionuclides is a major task nowadays. Chemically 
stable alumosilicates (bentonite, illite, kaolinite, natural and synthetic zeolites, feldspars, pollucite, nepheline, etc.) 
which have a layered structure, characterized by a large sorption capacity and selectivity for several radionuclides 
are promising materials for conditioning radioactive waste (creating curing matrix). Such alumosilicate systems 
based on low-cost natural and synthetic materials are also used to create isolation barriers for near-surface storages 
of radioactive wastes. 

In Belarus, promising sorption materials for use as backfills in the construction of engineered barriers for radioac-
tive waste disposal are the bentonite from “Ostrozhanskoye” deposit (Gomel region) and clay-salt slimes (CSS) 
- chemical industry wastes produced by reprocessing sylvinite ore at the JSC “Belaruskali” (Soligorsk region, 
Belarus).

The calcium bentonite of Belarus has low montmorillonite content. However, processing results to significant 
increase in the montmorillonite content and increased sorption capacity for 137Cs. Thus, the distribution coefficient 
(Kd) and the Radiocaesium Interception Potential (RIP(K)), describing the ability of a material to selectively ad-
sorb 137Cs in the presence of potassium cations, for bentonite samples fraction size less than 0.63 mm are 1.2·103 
l/kg and 1123 mmol/kg respectively. Processed bentonite samples with particle size less than 45 microns have 
increased Kd and RIP(K) values, 1.4·104 l/kg and 7167 mmol/kg respectively. Study of the kinetics of 137Cs sorp-
tion-desorption on the bentonite samples revealed that after equilibration time t = 10 min the sorption ratio 137Сs 
(Fs) reached almost 99%. An increase in the radiocaesium distribution coefficients was observed in the benton-
ite-solution system with time. After t = 30 days the Kd(

137Cs) value increased more than twice the original value. 
The processed bentonite samples of “Ostrozhanskoye” deposit can be effective materials for use as anti-migration 
barrier and buffer fillings in radioactive wastes safe disposal. 

Along with bentonite, one of the most promising sorption materials is CSS, with reserves exceeding 110.5 mt on 
(data 01.01.2016). The CSS are weighted clay sediments in a saturated solution of salts (KCl and NaCl), which 
have a fine structure and are composed of minerals such as montmorillonite, and illite. Water treatment of CSS 
can significantly reduce the water-soluble salts content, and the modification (dissolution of calcite and dolomite) 
allows increasing the content of the sorption-active components. Due to the modification and therefore the signif-
icant reduction of the CaCO3 content, is possible to use the CSS as anti-migration barriers and buffer materials. 
The study of sorption properties of the processed CSS samples allowed determination of the efficiency for sorption 
of 137Cs and other radionuclides (85Sr, Eu, Am). The degree of 137Cs sorption on modified CSS samples reached 
99.3% after 24 h of contact with the radioactive solution, the 137CsCl, Kd value was 1.3·104 l/kg and the RIP(K) 
was 6724 mmol/kg. The study of the kinetics of 137Cs sorption-desorption processes on the CSS samples revealed 
that sorption is a very fast process: after 1 min Fs(

137Cs) reached 98.2% and after 30 days Fs(
137Cs) was 99.6%. The 

equilibration time was about 20 min, wherein Kd(
137Cs) was 104 l/kg; beyond that time Kd(

137Cs) increased by 2.3 
times. The modification of CSS significantly increased the abundance of sorption-active minerals.

This work has shown that according to the physiochemical and sorption properties, the CSS is not inferior to 
known world analogues (bentonite). This suggests the possibility of their application, along with the bentonite 
“Ostrozhanskoye” deposit as anti-migration barriers and buffer fillings for shallow land burial which are planned 
to be constructed in the Republic of Belarus.
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MINERALOGICAL AND GEOCHEMICAL APPROACHES FOR 
ANALYSIS OF AEGEAN MARINE SEDIMENTS: PROVENANCE AND 
PALAEOCLIMATIC IMPLICATIONS

g. LEontopouLou (1), g.E. christidis (1)*, g. papathEodorou (2), m. gEraga (2), E. koutsopouLou (2) 
(1) Technical University of Crete, Department of Mineral Resources Engineering, 73100 Chania, Greece, (2) University of 
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The distribution of clay minerals, major and trace elements, organic carbon and particle size were examined in 
two deep-sea bottom cores from the Myrtoon basin in the SW Aegean Sea (core C40) and Eastern Cretan Sea 
(core TI13). The study included quantitative mineralogical and geochemical analysis of the bulk sediments in 
order to further assess paleoclimatic and paleoenvironmental changes in notherneastern Mediterranean, based on 
the combined investigation of clay minerals and geochemical indicators. The sediments are dominated by calcite, 
Mg-calcite, quartz, feldspars and clay minerals (illite, chlorite, kaolinite, smectite and palygorskite). Accessory 
serpentine, talc and hornblende attest to contribution from ultrabasic sources in the surrounding areas. The abun-
dance of palygorskite was used to quantify the aeolian input. Comparison of the clay mineral abundances in the 
bulk samples, determined by Autoquan® software with Rietveld refinement and profile fitting using ZnO internal 
standard, and the clay fractions determined according to Biscaye (1964) [1], showed that the bulk sediment is en-
riched in kaolinite and chlorite and depleted in smectite relative to the clay fraction, whereas illite is more evenly 
distributed in the bulk sample and the clay fraction. Moreover no particular relationship was observed between the 
abundance of illite and smectite, suggesting different mode of enrichment of the two clay minerals. 

A sharp decrease was observed in the Mg-calcite content and the Mg/Ca ratios of the carbonate fraction in or-
ganic-rich sapropelic sediments, followed by an increase in the sand and silt fractions, which is reflected in the 
increase of the average grain size. A well expressed negative relationship between illite and smectite was observed 
in the clay fraction in full accordance with previous studies. However this trend is absent from the bulk sediments, 
because smectite is significantly overestimated in the oriented clay fractions due to particle size effects. Therefore 
the paleoclimatic and paleoenvironmental interpretations based on the ratios of clay minerals in the clay fractions 
should be examined cautiously, at least in recent sediments of closed basins such as the Aegean. Also, interpreta-
tions based on computer modelling of XRD traces of oriented clay fractions, although considerably more accurate 
than semiquantitative approaches, they are affected by overestimation of smectite. 

Heating of the clay fractions at 400 and 530 °C and subsequent ethylene glycol solvation (EG) according to 
Christidis & Koutsopoulou (2013) [2], showed different sources of smectite in the sediments. The smectites in the 
Myrtoon basin are mainly trans-vacant, whereas their counterparts in Eastern Cretan Sea are mainly cis-vacant. 
The predominance of cis-vacant smectites in TI13 is compatible with contribution of volcanogenic smectites from 
the nearby volcanic islands of Santorini and Milos, in agreement with the existing water circulation patterns in the 
Cretan Sea. The trans-vacant smectites are considered pedogenic derived from the soils in the nearby landmasses 
of the Balkan Peninsula and Western Anatolia. The mineralogical results suggest that the composition of the recent 
Aegean sediments is controlled by supply from the nearby continental and island landmasses via small rivers, 
whereas significant input from SE Mediterranean waters is less likely. In addition, the distribution of the main clay 
minerals is affected mainly by shorting, with the sapropelic sediments displaying also climatic influence. Thus, 
the distribution of chlorite and illite especially in the S1 sapropel horizon of core C40 indicates climatic control, 
which is associated with the inflow of large masses of fresh water from rivers, due to the melting of ice sheets in 
Eurasia in the last post-glacial period at the beginning of the Holocene. The major supply of riverine sediments 
suggests that geochemical indicators such as the Al/Ti ratio, often used to identify aeolian input should also be used 
carefully in the Aegean sediments, because the aeolian Al/Ti signal is diluted by the riverine sediments derived 
from Turkey and the Balkan Peninsula.

[1] P.E. Biscaye. (1964). Distinction between kaolinite and chlorite in recent sediments by X-ray diffraction. Am. Mineral., 49, 1281-1289. 
[2] Christidis, G.E. & Koutsopoulou E. (2013). A simple approach to the identification of trioctahedral smectites, with X-ray diffraction. Clay 

Minerals, 48, 687-696.
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INSIGHT INTO THE STRUCTURE OF KAOLINITE AND LAYERED 
ZIRCONIUM PHOSPHATE INTERCALATED WITH PHOTOACTIVE 
MOLECULES
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AGH University of Science And Technology, Faculty of Geology, Geophysics And Environmental Protection, Department of 
Mineralogy, Petrography And Geochemistry, al. Mickiewicza 30, Krakow, 30 059, Poland  
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Layered structures, both of natural and synthetic origin, may serve as supports for the intercalation of several 
organic molecules. Thus prepared hybrid nanomaterials possess functionalities which depend on the type of inor-
ganic host as well as chemical properties of the inserted molecules. The new materials may serve as e.g. adsorbents 
or catalysts. The intercalation of photoresponsive molecules enables to design layered materials showing photo-
active behavior when exposed to UV-Vis radiation [1]. The isomerization of intercalated species triggered by UV 
light may lead to changes of interlayer distance of the host. Thus the structure of such intercalation compounds 
can be remotely controlled at an atomic level giving rise to new materials. Several layered minerals and synthetic 
phases were reported as hosts in such application. These include smectite minerals, synthetic micas and layered 
double hydroxides [2]. The goal of presented research was to intercalate photoactive molecules into the structure 
of natural kaolinite and synthetic layered zirconium phosphate. For the experiments a highly ordered kaolinite 
from Polish Maria III deposit was selected. The α-zirconium phosphate (ZrP) was synthesized by refluxing 10 g 
of zirconyl chloride (ZrOCl2 × 8H2O) with 9 M aqueous solution of phosphoric acid at about 100 ºC for 24 h [3]. 
Azobenzene (Az) and 4-aminoazobenzene (pAz) were used as photoactive molecules. Prior to their intercalation 
the layered hosts were pre-intercalated. The kaolinite was intercalated with benzyldimethylhexadecylammonium 
chloride (BC16) using methoxy-kaolinite as a precursor [4]. In the case of ZrP, hexylamine (C6) and dodecylamine 
(C12) were intercalated. Az was co-intercalated in a vapour form at ~120 ºC using a closed teflon vessel. In turn, the 
co-intercalation of pAz was conducted by dry grinding technique. Prior to UV-Vis radiation exposure the obtained 
materials were characterized using X-ray diffraction (XRD) and infrared spectroscopy (FTIR). The intercalation of 
BC16 into methoxy-kaolinite resulted in an increase of 8.7 Å peak up to ~42.0 Å. The large d001 value suggested that 
the BC16 molecules formed an arrangement nearly perpendicular with respect to the kaolinite layers. Their pres-
ence was confirmed by FTIR bands attributed to C-H stretching and bending vibrations found in the 3000-2800 
cm-1 and 1500-1300 cm-1 regions, respectively. The co-intercalation of Az caused a further increase of the basal 
spacing to ~50.0 Å. The broad basal spacing peak and corresponding second and third order reflections as well as 
methoxy-kaolinite peak of high intensity (8.7 Å) and 7.2 Å kaolinite peak suggested mixed-layered character of 
the derivative structure. In the FTIR spectra, the co-intercalated Az led to an appearance of bands at: 3060-3030 
cm-1 (C-H ring stretching) and 780, 690 cm-1 (C-H ring bending). The CHN analyses showed that Az/BC16 mo-
lar ratio was equal to ~1.6. The alternate exposure to UV (365 nm, 5 mW/cm2, 2 h) and Vis light (sunlight, 2 h) 
showed that the d spacing reversibly changed by about 2 Å. The XRD patterns of ZrP intercalated with C6 and C12 
revealed series of integral reflections with basal spacing equal to: 22.9 Å and 36.0 Å, respectively. The acid-base 
interaction between NH2 group and hydroxyls of ZrP was confirmed by changes of the OH stretching bands in the 
FTIR spectra. The intercalation of pAz was only successful for the C12 pre-intercalate where an increase of basal 
spacing up to ~40.0 Å was noticed. Also the use of this pre-intercalate for the intercalation of Az resulted in most 
significant changes of the basal spacing. This value decreased to 34.5 Å and the basal spacing peak has become 
broader. Additionally, higher order reflections formed an integral series. The bands connected with Az or pAz were 
visible in the FTIR spectra. The exposure to UV light lowered to only a small extent the basal spacing values for 
the intercalates with Az. This suggested that the arrangement of Az was mostly parallel to ZrP layers.

This project was funded by the National Science Centre, Poland under research project no. 2014/13/B/ST10/01326.

[1] Okada T., Nozaki N., Seo J., Kwon J.E., Park S.Y., Hashizume H., Sasaki T., Ogawa M. (2017). Photoinduced structural changes of cati-
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[2] Yan D., Wei M., editors (2015). Photofunctional layered materials. Springer.
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Latvia iswith clays rich country and there are a lots of clay deposits containing various kinds of clays with various 
mineral and chemical compositions. Clays are used mainly as a raw material for producing of pottery, building 
materials, fillers for dyes etc. Clays, especially their nanosize fraction, have become a raw material for nontradi-
tional and more delicate purposes - they are being used in medicine, pharmacy etc. In the present work it is a must 
to know the structures and properties of these minerals in order to obtain high quality composites. Some clay may 
be more appropriate for specific goals than others due to its properties; therefore it is very important to carry out 
investigations to find the most appropriate ones.

Description and characterization of 3 different nanosized clay minerals from 3 different geological periods (Liepa 
clay from Devonian period, Saltiski clay from Triassic period and Apriki from Quaternary period) are summarized. 
The main minerals in these clays are illite and kaolinite. Nanosized clay mineral particles were obtained using 
sedimentation method. Comparison of mineralogical composition, BET nitrogen adsorption, Zeta potential, DTA 
analysis and FTIR spectra is given. XRD phase analysis results are very close to each other and shows that mineral 
of illite is more than that of kaolinite. BET nitrogen adsorbtion data shows that Apriki clay has the highest specific 
surface area (81 m2/g), whereas Saltiski clay has the lowest (43 m2/g) specific surface area. Zeta potential values 
for Apriki, Liepa and Saltiski clay are -40,9 mV, -49,6 mV and -43,0 mV, respectively. DTA analysis and FTIR 
spectra show similar tendencies for all 3 clay minerals.
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Studies of creating fine earth materials from hard rocks and following transformation into clayey material in soil 
environments are very important to understand the processes that are active in the critical zone of high latitudes 
and polar zones. These zones are widely thought to be areas of physical weathering only. The aim of the present 
research was to study (i) the conversion of highly weathering mafic and particularly ultramafic rocks into clayey 
materials and (ii) the characteristics in clay mineralogy including clay minerals distribution in the soils profiles in 
the cold environments. The study plots were located on the Polar Urals and the Central Siberian Plateau (Russia). 
The objects were mature profiles of Haplic Cryosol (Reductaquic) and Entic Podzol derived from and underlain by 
ultramafic and mafic rocks, correspondently. Haplic Cryosol (Reductaquic) was located on mountainous tundra of 
the Rai-Iz massif, the Polar Urals, which are the part of the Ural Mountains in the area of the Arctic Circle. Entic 
Podzol was located in the central part of the flood basalt complex, or traps (traprocks) of the Central Siberian Pla-
teau. The traprocks, which are mafic rocks, were represented by dolerite in the study plot. Mineral association in 
rock fragments sampled from lithic contact of soil profiles were studied in thin sections using optical microscopy. 
Quantitative mineralogical compositions of rocks and soils (the fine size <1 µm fractions) were determined on 
randomly oriented powder specimens using XRD followed by Rietveld analysis. Despite the fact that the investi-
gated soils have been forming from the different types of rocks, high proportions of smectite were identified in the 
bottom horizons. Smectite was not identified in the ultramafic rock itself, which are dominated by olivine, serpen-
tine, talc, chlorite, and sometimes amphiboles. Appearance of smectite in the soil from ultramafic rock was due to 
chemical weathering in the fine earth formation from hard rock. In contrast, both di- and trioctahedral smectites 
were found in mafic rock previously subjected to chemical weathering. An inherited nature of smectite in the soil 
on mafic rock was revealed. Based on XRD patterns of oriented samples, smectite was predominant in the bottom 
horizons of the soils. The amorphous content significantly increased in the fine size fractions particularly in the 
middle and upper soil horizons of both soil types in comparison with that in the rocks, which was additionally 
indicated by the increase of proportions of extractable Fe, Al, and Si. These observations would illustrate intensive 
chemical weathering during pedogenesis. A smectite transformation into an amorphous phase could be concluded 
due to (i) acidification in the soil on mafic rock and (ii) acidification only in the rhizosphere in soil on ultramafic 
rock characterized by neutral to alkaline pH-values. However, the quantitative analysis of the XRD patterns from 
the randomly oriented powder of these specimens revealed that the smectite was still present and proportions of 
amorphous materials did not significantly increase in the upper horizons. In the soil profile on ultramafic rock 
the proportions of predominant dioctahedral smectite and trioctahedral smectite were approximately the same in 
the upper and bottom horizons, whereas in the soil profile on mafic rock the proportion changes from the bottom 
to the upper horizons with a decrease of trioctahedral and an increase of dioctahedral smectite. Thus, this study 
revealed that smectite is a more stable mineral in the critical zone of cold environments than previously thought 
[1], correlating data [2] of predominance of non-crystalline or poorly ordered materials in the weathering crust and 
soils of cold climates. 

Acknowledgment: the research was supported by St. Petersburg State University (18.38.418.2015).

[1] Tonkonogov VD., Gradusov BP., Rubilina NE., Targulian VO., Chizhikova NP. (1987). On the differentiation of the mineralogical and 
chemical compositions of soddy podzolic and podzolic soils (K differenziazii mineralogicheskogo e khimicheskogo sostava dernovopo-
dzolistykh e podzolistykh pochv). Pochvovedenie 3:68-81 (in Russian).

[2] Wilson M.J., Jones, D. (1983). Lichen weathering of minerals: implication for pedogenesis. Pp. 2_12 in: Residual Deposits: Surface 
Related Weathering Processes and Material (R.C.L. Wilson, editor). Special Publications, 11. Geological Society, Blackwell, London.
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GEMFIBROZIL FROM TREATED WASTE WATER
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Gemfibrozil is one of the highly detected pharmaceuticals found in treated wastewater effluent (EfOM) due to its 
environmental persistency [1]. Polymer-clay composite shave been widely developed, tested and employed as sor-
bents for organic pollutants [2,3]. For the removal of gemfibrozil a novel composite was designed by adsorbing, a 
newly synthesized polymer, to montmorillonite (MMT). The polymer is based on completely and partially substi-
tuting poly-4-vinylpyridine (PVP) with bromo-ethanol, obtaining OH(100)PVP and OH(50)PVP, respectively. The 
structures of the composites were characterized by zeta potential, FTIR, X-ray diffraction, and thermal gravimetric 
analyses [4]. These measurements suggest that the OH(50)PVP composite has a larger faction of polymer extend-
ing into solution in comparison to the OH(100)PVP composites (at the same loading (0.15 g/g)). Indeed, gem-
fibrozil affinity (K) and capacity (Qmax) towards the OH(50)PVP composite (K=100 l/mmol, Qmax=0.06 mmol/g) 
was higher than to the OH(100)PVP composite (K=23 l/mmol, Qmax=0.045 mmol/g). Our hypothesis was that, the 
composite has a higher affinity towards gemfibrozil than granular activated carbon (GAC), even in the presence 
of EfOM components, due to specific pollutant-polymer interactions. Removal of gemfibrozil from tap water was 
more efficient by OH(50)PVP-MMT than by OH(100)PVP-MMT and GAC, 1.5 and 30 fold higher, respectively. 
Its removal from secondary EfOM was two orders of magnitude higher by OH(50)PVP-MMTin comparison to 
its removal by OH(100)PVP-MMT and GAC. The kinetics of gemfibrozil removal from distilled water and from 
EfOM was faster by the OH(50)PVP composite than by GAC[5]. The kinetic adsorption of gemfibrozil removal 
from EfOM by OH(50)PVP composite and by GAC reached 10 and 90 min, respectively. These results support our 
hypothesis that gemfibrozil forms specific interaction with OH(50)PVP-MMT, due to its configuration, resulting in 
high and fast removal of gemfibrozil by the composite even in the presence of competing components.

[1] T. Ternes (1998). “Occurrence of drugs in German sewage treatment plants and rivers,” Water Res., vol. 32, no. 11, pp. 3245-3260.
[2] I. Gardi, S. Nir, Y.G. Mishael (2015). “Filtration of triazine herbicides by polymer-clay sorbents: Coupling an experimental mechanistic 

approach with empirical modeling,” Water Res., vol. 70, pp. 64-73.
[3] A. Radian, Y. Mishael (2012). “Effect of Humic Acid on Pyrene Removal from Water by Polycation-Clay Mineral Composites and Acti-

vated Carbon,” Environ. Sci. Technol., vol. 46, pp. 6228-6235.
[4] H. Kohay, A. Izbitski, Y.G. Mishael (2015). “Developing Polycation-Clay Sorbents for Efficient Filtration of Diclofenac: Effect of Dis-

solved Organic Matter and Comparison to Activated Carbon,” Environ. Sci. Technol., vol. 49, pp. 9280-9288.
[5] S. Nir, D. Zadaka-Amir, A. Kartaginer, Y. Gonen (2012). “Simulation of adsorption and flow of pollutants in a column filter: Application 

to micelle-montmorillonite mixtures with sand,” Appl. Clay Sci., vol. 67-68, pp. 134-140.
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AQUEOUS SOLUTION
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In this work, we studied the effect of thermal activation on the physico-chemical properties of bentonite, sepiolite 
and vermiculite, as well as on their adsorption capacity towards Cd(II) from aqueous solution. Clay samples were 
thermally activated in the temperature range of 300-900 ºC. The physico-chemical characterization demonstrated 
that the elimination of superficial, interlaminar and crystalline water resulted in materials with smaller specificsur-
face area and greater negative surface charge.

Cation exchange capacity of the clays varied with the thermal activation depending on their crystalline structures. 
The adsorption capacity of bentonite towards Cd(II) was reduced from 32 to 55% when the activation temperature 
was raised from 300 to 900 ºC. The capacity of sepiolite for adsorbing metal cations was enhanced by around 40% 
withincreasing activation temperature from 300 to 800 °C. Natural vermiculite presented a greater capacity for 
adsorbing Cd(II) than the thermally activated vermiculite; e.g., the capacity of vermiculite for adsorbing Cd(II) 
was 50% greater than that of a thermally activated vermiculite.

The adsorption capacity of the thermally activated clays towards Cd(II) was affected by the chemical and textural 
properties of the activated clays. Furthermore, it was demonstrated that the adsorption capacity of the thermally 
activated clays was strongly dependent on the magnitude of negative surface charge and their cation exchange 
capacity. Thus, the predominant adsorption mechanisms were the electrostatic attractionbetween the negatively 
charged surface of clays and Cd2+ in aqueous solution, and cation exchange between Cd2+ in the solution and either 
the interlaminar cations or the hydroxyl groups of the clays.

[1] Padilla-Ortega E., Leyva-Ramos R., Mendoza-Barron J. (2014). Role of electrostatic interactions in the adsorption of cadmium (II) from 
aqueous solution onto vermiculite. Appl. Clay Sci. 88, 10-17.
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SORPTION OF DICLOFENAC AND CADMIUM (II) ONTO 
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CADMIUM (II) COMPLEX INTERACTIONS AND SORPTION 
MECHANISM

jesus iván martínez-Costa, roberto leyva-ramos*, erika padilla-orteGa
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Organoclays are engineered adsorbents prepared by adsorbing a cationic surfactant on the negatively charged 
external surface of clays and, in some cases, in the interlayer spacing of the clays. Diclofenac (DFC) is a non-ste-
roidal anti-inflammatory drug and is one of the most commonly detected pharmaceuticals in the effluents of water 
treatment plants. Various works have reported that some pharmaceuticals in water reservoirs, even at low con-
centrations, can have adverse effects on human life, flora and fauna [1]. Heavy metals are also found in aqueous 
effluents such as cadmium, which is a very toxic metal with unknown biological functions. The excess of Cd(II) 
released into the environment in industrial wastewater can cause high ecological risks to groundwater, and pos-
es a serious risk to human health, [2]. DFC can form complexes with some heavy metals that are also found in 
aqueous effluents such as cadmium. The sorption on organoclays has been applied for the removal of several toxic 
compounds presents in an aqueous solution such as organic micropollutants, pesticides, insecticides and nonionic 
organic compounds [3-6].

An organobentonite was prepared by adsorbing HDTMA (OBHDTMA), and the sorption capacity of the or-
ganobentonite towards DFC was investigated in detail. Additionally, the sorption isotherms of DFC on the OBH-
DTMA were obtained under various experimental conditions of temperature and pH, and the sorption mechanism 
of this emergent pollutant on OBHDTMA was elucidated. It was shown that the maximum sorption capacity of the 
OBHDTMA to remove DFC was 500.5 mg/g at pH = 7 and T = 25 ºC. The maximum desorption was 30.83% at 
pH = 10, and it was obtained by modifying the pH of the aqueous solution. Additionally, the adsorption capacity 
decreased as the ionic strength of the solution increased. The sorption process was endothermic, and the isosteric 
heat of adsorption was 11.46 KJ/mol.

Interactions between the OBHDTMA, DFC and Cd(II) were also studied in this work. DFC sorption onto OB-
HDTMA was characterized by elemental analysis, N2 physisorption, zeta potential, XRD, TGA, Raman and IR 
spectroscopy. The characterization provided relevant information to propose that the DFC sorption mechanism 
included both electrostatic interactions and van der Waals partition. Besides, the sorption capacity of OBHDTMA 
towards Cd(II) was enhanced by raising the DFC loading on OBHDTMA.

The competitive sorption of DFC and Cd(II) onto OBHDTA was also investigated. FTIR and Raman analytical 
techniques showed that a complex between DFC and cadmium (II) was created on the surface of the OBHDTMA. 
The Raman and FTIR analysis corroborated that the complex was formed between the carboxylate group of DFC 
and cadmium, and the complexation involved electrostatic attractions and π-cation interactions.

[1] Pohl H.R., Mumtaz M.M., Scinicariello F., Hansen, H. (2009). Binary weight-of-evidence evaluations of chemical interactions—15 years 
of experience. Regul. Toxicol. Pharmacol. 54(3), 264-271.

[2] Loganathan P., Vigneswaran S., Kandasamy J., Naidu R. (2012). Cadmium Sorption and Desorption in Soils: A Review. Crit. Rev. Envi-
ron. Sci. Technol. 42(5), 489-533. 

[3] Park Y., Ayoko G.A., Frost R.L. (2003). Application of organoclays for adsorption of recalcitrant organic molecules from aqueous media, 
J. Colloid Interf. Sci. 354, 292-305.

[4] Prakash J.B.S., Krishna B.S., Murty D.S.R. (2001). Surfactant-Modified Clay as Adsorbent for Chromate, Appl. Clay Sci. 20, 65-71.
[5] Lu L., Gao M., Gu Z., Yang S., Liu Y. (2014). A comparative study and evaluation of sulfamethoxazole adsorption onto organo-montmo-

rillonites. J. Environ. Sci. (China) 26(12), 2535-2545.
[6] Ocampo-Perez R., Leyva-Ramos R., Mendoza-Barron J., Guerrero-Coronado R.M. (2011). Adsorption rate of phenol from aqueous solu-

tion onto organobentonite: Surface diffusion and kinetic models. J. Colloid Interf. Sci. 364(1), 195-204.
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EXPLORATORY STUDY OF MODIFIED-ZEOLITES AS SORBENTS FOR 
POLY- AND PERFLUOROALKYL SUBSTANCES AND POLYCYCLIC 
AROMATIC HYDROCARBONS IN STORMWATER RUNOFF 
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Pollutants of concern in stormwater include nutrients (P, N), metals (copper, lead and zinc), and organic com-
pounds (e.g., polycyclic aromatic hydrocarbons, PAHs) originating from landscaping, transportation, construction 
and other human activities. The removal of heavy metals from stormwater has been studied extensively in the past 
three decades [1-3]. Polycyclic aromatic hydrocarbons (PAHs) released to stormwater through wear of asphalt and 
tires, as well as deposition of vehicle exhaust, are of great concern as they occur frequently in stormwater at con-
centrations exceeding environmental quality standards. Emerging contaminants such as poly- and perflurooalkyl 
substances (PFASs, persistent organic pollutants) have been detected in stormwater [4,5]. These pollutants show 
acute toxic, carcinogenic and estrogenic effects on aquatic organisms [6,7]. Stormwater contaminated with organic 
substances poses a threat to receiving waters. These organic pollutants are now of major global concern. Sorption 
is an emerging technology with high efficiency and low cost [8]. Surfactant modified zeolites have been found to 
be able to adsorb certain organic pollutants [9,10]. 

The major objective of this study is to evaluate various zeolite modifications and their effectiveness in removing 
these organic pollutants from stormwater. These zeolites could be used as sorbents in stormwater infiltration tech-
nologies such as rain gardens. Batch adsorption tests will be used to study the adsorption of PAHs onto selected 
sorbents. The effects of contacting time (i.e. sorption kinetic), sorbent dosage (solid:liquid ratio), and temperature 
will be investigated. GC-MS and HPLC-MS will be used to analyze the concentration before and after treatment. 
At the end of life, organic-pollutant-loaded sorbents will need to be discarded, either on landfill or by incineration. 
Batch desorption tests will be carried out to determine the leachability of these pollutant-loaded sorbents. Prelimi-
nary 24-h batch test results indicate promising adsorption of these persistent organic pollutants. This is an on-going 
study; we will present updated results at the conference. 

[1] Genç-Fuhrman H., Mikkelsen P.S., Ledin A. (2016). Simultaneous removal of As, Cd, Cr, Cu, Ni and Zn from stormwater using high-ef-
ficiency industrial sorbents: Effect of pH, contact time and humic acid. Sci Total Environ. 566-567, 76-85. 

[2] Huber M., Hilbig H., Badenberg S., Fassnacht J., Drewes J., Helmreich B. (2016). Heavy metal removal mechanisms of sorptive filter 
materials for road runoff treatment and remobilization under de-icing salt applications. Water Res. 102, 453-463. 

[3] Mesuere K., Martin R., Fish W. (1991). Identification of copper contamination in sediments by a microscale partial extraction technique. 
J Environ Qual 20, 114-118.

[4] Perkola N., Sainio P. (2013). Survey of perfluorinated alkyl acids in Finnish effluents, storm water, landfill leachate and sludge. Environ 
Sci Pollut Res 20:7979-7987.

[5] Xiao F., Simcik M.F., Glliver J.S. (2012). Perfluoroalkyl acids in urban stromwater runoff: Influence of land use. Water Research 46:6601-
6608.

[6] Wimsatt J., Villers M., Thomas L., Kamarec S., Montgomery C., Yeung L.W.Y., Hu Y.Q., Innes K. (2016). Oral perfluorooctane sulfonate 
(PFOS) lessens tumor development in the APC(min) mouse model of spontaneous familial adenomatour polyposis. BMC Cancer, 16:942. 

[7] Neilson A.H. (1998). PAHs and Related Compounds Chemistry, Springer Berlin Heidelberg. 
[8] Pintor A.M.A., Vilar V.J.P., Botelho C.M.S., Boaventura R.A.R., (2016). Oil and grease removal from wastewaters: Sorption treatment as 

an alternative to state-of-the-art technologies. A critical review. Chem. Eng. J. 297, 229-255. 
[9] Mallard I., Städe L.W., Ruellan S., Jacobsen P.A.L., Larsen K.L., Fourmentin S. (2015). Synthesis, characterization and sorption capaci-

ties toward organic pollutants of new β-cyclodextrin modified zeolite derivatives. Colloids Surf. Physicochem. Eng. Aspects 482, 50-57.
[10] Ghiaci M., Abbaspur A., Kia R., Seyedeyn-Azad F., (2004). Equilibrium isotherm studies for the sorption of benzene, toluene, and phenol 

onto organo-zeolites and as-synthesized MCM-41. Separation and Purification Technology 40, 217-229. 
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An innovative chemical process has been developed in which a natural soil mineral (clinoptilolite) removes metals 
from acid rock drainage (ARD) in a slurry bubble column. The metals are cyclically adsorbed from spiked ARD 
by the clinoptilolite and then desorbed to regenerate the sorbent. Experimental results indicate that clinoptilolite 
is a good sorbent for Zn and Cu from ARD. XRD, SEM and TEM showed that the original sorbent structure was 
retained over 27 adsorption/desorption cycles at pH ≥ 2.5. The slurry bubble column was superior to fixed beds 
and rotating columns for zinc removal, indicating that enhanced external mass transfer can significantly acceler-
ate sorption. Recent work will be presented on optimization of the operating conditions. The results indicate that 
clinoptilolite is an effective sorbent for removing Zn from ARD in slurry bubble column, with the Zn concentration 
decreasing from 100 ppm to as low as 0.8 ppm after eight adsorption stages. Satisfactory regeneration could also 
be achieved in the slurry bubble column, indicating that loaded clinoptilolite can be successfully regenerated for 
treatment of ARD. However, the slurry bubble column with clinoptilolite cannot alone achieve satisfactory results 
efficiently for in site remediation. Instead it should be used in conjunction with other water treatment measures 
to meet discharge requirements in an efficient manner. It is generally more effective when used to treat ARD with 
high initial Zn concentration. 

 Previous studies have neglected dealumination of clinoptilolite and its impact during remediation. The effect of 
dealumination of clinoptilolite and its impact on capture of zinc from ARD will also be assessed in this paper. In 
order to model and optimize the performance of slurry bubble column with clinoptilolite, further tests are needed 
to explore more parameters such as particle surface properties.
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Clay minerals have large specific surface area and high cation exchange capacity (CEC), and thus are commonly 
studied for the uptake and removal of heavy metals from water. In addition to the adsorptive removal of inorganic 
cations, numerous studies were also conducted for the removal of organic contaminants, either cationic or hydro-
phobic in nature, from water. Cationic dyes have strong affinity for clay minerals. Rhodamine is a family of related 
chemical compounds with fluorine as the backbone. It is extensively used in biotechnology applications, due to its 
high photostability. It is highly chemical stable against degradation [1]. Sorptive removal of rhodamine using red 
mud, palygorskite, and sepiolite we conducted in recent years. However, significant discrepancies were found in 
the literature regarding to the adsorption of rhodamine 6G (R6G) on clay minerals. For example, in one study the 
adsorption of rhodamine B (RhB) increased from 55% to about 95% as the solution pH increased from 2 to 10 [2]. 
In a different study, the RhB adsorption decreased from 19 to 6 mg/g as the solution pH increased from 2 to 12 with 
the highest RhB adsorption of 24 mg/g in pH 4 solutions [3]. Adsorption of R6G on palygorskite increased from 70 
to 90% as the solution pH increased from 2 to 12, however, the isotherm of R6G adsorption on palygorskite was 
incomplete and the data were mis-fitted to different models [4]. Thus, there is a need to further expand the study.

In this study, the interaction between R6G, a cationic and, and palygorskite, a type of fibrous clay mineral was 
investigated under different physic-chemical conditions. Uptake of R6G on palygorskite was fast and equilibrium 
could be reached in 1 h. The uptake of R6G on palygorskite followed the Langmuir sorption isotherm with a sorp-
tion capacity of 130 mmol/kg, close to the CEC of 175 mmol/kg [5]. The sum of the desorption of exchangeable 
cations K+, Na+, Ca2+, and Mg2+from the kinetic study and isotherm study matched quite well with the amounts of 
R6G sorption, confirming that cation exchange is the dominant mechanism for R6G uptake on palygorskite. Equi-
librium solution pH and ionic strength had minimal influence on R6G uptake in the pH range of 3-11. Studies of 
R6G uptake by kaolinite are currently underway. As the rhodamine WT was commonly used as a tracer for water 
flow monitoring, the presence of significant clays in water after a storm could put strong deviation of flow velocity 
monitoring as the clays would have strong affinity for rhodamine. Meanwhile, the strong affinity of R6G for clay 
minerals suggested that using clay minerals as sorbents in wastewater treatment could not only remove inorganic 
cations, but also cationic organic dyes and pharmaceuticals.

[1] Lutic D., Coromelci-Pastravanu C., Cretescu I., Poulios I., Stan C.-D. (2012). Photocatalytic treatment of rhodamine 6G in wastewater 
using photoactive ZnO. International Journal of Photoenergy Volume 2012, Article ID 475131, 8 pages.

[2] Khan T.A., Dahiya S., Ali, I. (2012). Use of kaolinite as adsorbent: Equilibrium, dynamics and thermodynamic studies on the adsorption 
of Rhodamine B from aqueous solution. Applied Clay Science, 69, 58-66.

[3] Bhattacharyya K.G., SenGupta S., Sarma, G.K. (2014). Interactions of the dye, Rhodamine B with kaolinite and montmorillonite in water. 
Applied Clay Science, 99, 7-17.

[4] Baqir S.J., Athab Z.H., Saad, S.T. (2013). Adsorption study for removal Of rhodamine 6G from aqueous solutions by using Iraqi attapulg-
ite and flint clays. Journal of Babylon University/Pure and Applied Sciences, No.(5)/ Vol.(21).

[5] Borden D., Giese, R.F. (2001). Baseline studies of the clay minerals society source clays: cation exchange capacity measurements by the 
ammonia-electrode method, Clays Clay Minerals. 49, 444-445. 
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INFRARED SPECTROSCOPIC STUDY OF WATER CONFINEMENT IN 
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Imogolite is a family of aluminium silicate clay minerals, originally found in volcanic soils. Their nanotubular 
structure makes them good candidates for the study of water confined in restricted geometries. The behaviour of 
water confined in imogolite self-sustaining thin films, whose porosity was estimated, was studied by means of 
infrared (IR) spectroscopy. Two types of synthetic imogolites were studied: a hydrophilic imogolite (IMO-OH) 
with a hydrophilic inner surface fully covered with Si-OH groups and a hybrid imogolite (IMO-CH3) with a hy-
drophobic inner surface fully covered with Si-CH3 groups. The infrared spectra were recorded in the 50 - 4000 
cm-1 range as a function of the relative humidity (0 - 100% RH) and temperature (295 K to 50 K). The evolutions 
of the O-H stretching band, and the bending, libration and connectivity bands of water were studied. The special 
features of the H-bond network revealed in both the mid- and far- IR range during the water adsorption and de-
sorption processes will be detailed, evidencing that the water confinement in imogolites is significantly affected 
by the geometry of the nanotube, the packing of the tubes, and also by the hydrophobic vs. hydrophilic character. 
Insights into the relationship between (1) the large specific surface area, (2) restricted geometries, (3) the tunable 
hydrophilic/hydrophobic character, can serve the scientific community interested in deploying these materials as 
membranes, catalyst supports, adsorbents and other similar applications [1,2]. 

[1] Yah W.O., Yamamoto K., Jiravanichanun N., Otsuka H., Takahara A. (2010). Imogolite Reinforced Nanocomposites: Multifaceted Green 
Materials. Materials, 3, 1709-1745.

[2] Picot P., Tache O., Malloggi F., Coradin T., Thill A. (2016). Behaviour of hybrid inside/out Janus nanotubes at an oil/water interface. A 
route to self-assembled nanofluidics? Faraday Discussions, 191, 391-406.
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One of the most extensively used soil materials in Geotechnics is bentonite. Favourable properties, e.g. swelling, 
low hydraulic permeabilityand anion exclusion make it suitable for the construction of sealings, diaphragm walls 
and for the use as buffer materialin nuclear waste disposal. The before mentioned properties are caused by the 
negative charged surface of the three-layer silicate montmorillonite which is the main component of bentonite. 

However, subjected to aggressive leachate, e.g. water containing dissolved salt, the barrier performance is dras-
tically decimated up to an entire loss sealing capacity. Reasons for the decline regarding the hydro-mechanical 
behaviour are dedicated to an increase in ion concentration and the presence of divalent ions in the bulk phase, 
which in turn affects the interacting forces between the particular clay particles. Another difficulty of clay as 
sealing material is causedby desiccation induced cracks, inducing flow paths of unrestricted flow for leachate. 
These shortcomings limit the scope of application for bentonite as a barrier material, and doubted the reliability of 
previous applications. 

Recently, new capabilities to maintain sealing capacity of clay subjected to aggressive leachate and to improve 
desiccation resistance were find in polymer-modification. Polymers are long-chained macromolecules, which can 
be categorized regarding charge (positive, negative, neutral, polar/non-polar), structure (branched/ non-branched), 
and length of polymer chains. The functional groups of polymers are interacting with the charged clay surfaces and 
the bulk fluid. Polymer sections can be classified regarding their arrangement relative to the clay surface. Trains are 
parts of the polymer, which lie flat on the clay surface while polymer segments that loom away from the surface 
arrange in loops or free tails, respectively. Although, the efficacy of this new technology has been demonstrated 
successfullyin various laboratory studies, there is still a lack of understanding regardingthe multiscaled behaviour 
of polymer-enhanced clay. 

The objective of the present research is the systematic and multiscale study of polymer-modified bentonites. In-
vestigations are conducted on the microstructural level and on the level of laboratory testing in order to attribute 
modifications on the level of clay matrix to geotechnical properties. 

Laboratorytests were conducted on natural bentonite (MX80) and bentonite modified by wet-intercalation using 
different Polyacrylamide (Charged, Non-Charged), respectively. Investigations of fabricby environmental scan-
ning microscopydepict the unique microstructure of the clay-polymer composite and provide fundamental infor-
mation about spectate-polymer interaction. 

On the macro scale, swelling and permeability test were carried out in an isochoric fixed-volumecell using a mul-
ti-step test procedure. The material wasrehydrated by deionized water and afterwards subjected to different Ca-
Cl2-Solutions of increasing molarity. Evolution of swelling pressure and permeability-properties were monitored 
and analysed with respect to ion concentration in the pore fluid. The outcome of the current study allows for an 
improved understanding of polymer-modified materials to be used in geo-environmental applications.
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WEATHERING CRUSTS OF THE EAST EUROPEAN CRATON: 
PALEOCLIMATIC INTERPRETATION AND GEOCHEMICAL EVIDENCE 
OF LIFE ON THE EDIACARAN LAND
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Paleosols are fossil soils, remains of ancient soils, which unlike marine sediments are formed on land, in direct 
contact with climatic and environmental conditions. Paleosols potentially hold important information of past con-
tinental environments and those that were formed at the transition from Proterozoic to Paleozoic could reflect the 
evolution of atmospheric oxygenation; help us understand environmental and ecological conditions during weath-
ering, when soil formation took place under absence of higher plants, and can provide evidence of life on land. 
Precambrian paleosols are found all over the world. Until recently these old soils were often overlooked because 
they lack well-defined soil horizons and biological features; their age is difficult to determine and their usefulness 
as indicators of paleoclimate is questioned as they tend to be diagenetically altered or metamorphosed to a different 
level and they are hard to distinguish from alteration zones caused by hydrothermal activity. Several recent studies 
however proved that with new quantitative methods of geochemistry including isotopes Precambrian paleosols are 
just as suitable for paleoclimatic studies as are their younger analogues.

Paleosols were found on top of the Ediacaran basalt trap, 140 thousand km2 and up to 500 m of lavas and volcano-
clastics, which covers the western margin of the East European Craton (W Belarus, NW Ukraine and E Poland). 
These weathering crust profiles are unique among other Precambrian paleosols because their age is well con-
strained (ca. 550 Ma) and most of them are unaffected by post-burial diagenesis. Studied paleosol profiles were 
accessed from drillcores located in NW Ukraine (7 profiles) and E Poland (1 profile). They are on average ca. 10 
(up to 30) meters thick, reddish colored and most of them are characterized by a well-developed and well-defined 
alteration sequence with a lateritic uppermost horizon indicated by Chemical Index of Alteration - CIA [1] values 
reaching 95.

Mineralogical composition of all weathering sequences follows a transition from pure smectite to smectite-ka-
olinite to kaolinite along with increase of hematite and decrease of feldspar minerals and trioctahedral clays. 
Kaolinite content in the uppermost horizons can reach over 60 wt%. Smectite is replaced with illite/mixed layer 
illite-smectite in one profile affected by burial diagenesis. Carbonates (calcite and dolomite) are found in lower 
parts of several profiles. Weathering profiles containing micas and microcline were considered contaminated and 
left out from further research.

Several meters thick kaolinite and hematite-rich paleosol profiles are usually interpreted to represent intense 
weathering in warm and humid (tropical) climate. Fe2+/Fe3+ ratio decrease to 0 (Mössbauer data on the bulk rock) 
confirms that weathering took place under oxidative conditions and geochemical mass-balance analysis shows 
that element enrichment-depletion trends are similar to modern deeply weathered tropical soil profiles. For those 
reasons these Ediacaran paleosols can be interpreted to represent typical lateritic (or Oxisolic) deep-weathering 
profiles, indicative of hot and humid climate.

Geochemical evidence of life on the Ediacaran land, gathered in the course of this study, involves the presence of 
organic carbon, negative values of δ13C ranging from -17.6 to -8.8 ‰ and negative Fe isotopic anomaly (δ56Fe and 
δ57/54Fe) in the bottom parts of profiles. They imply microbial action during weathering.

Authors acknowledge financial support from the Polish National Science Centre MAESTRO grant 2013/10/A/ST10/00050

[1] Nesbitt H.W., Young G.M. (1982). Early Proterozoic climates and plate motions inferred from major element chemistry of lutites. Nature 
299, 715-717.
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PROVENANCE AND CLAY MINERAL ORIGIN OF MIDDLE TRIASSIC 
SANDSTONE IN THE NORTHEASTERN MARGIN ORDOS BASIN, 
CHINA: IMPLICATIONS FOR THE EROSION VULNERABILITY OF PI 
SANDSTONE

Li Liu*, hanggai Bai, xiaoran ming, na Liu, chunyan hu

College of Earth Sciences, Jilin University, Changchun 130061, China 
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The Pi sandstone refers to a type of terrigenous clastic rock assemblage composed mainly of sandstone, siltstone 
and mudstone with red and white color, which is characterized by exposing or being covered with sand or loess, 
vulnerable to weathering and erosion, distributed in the contiguous area of Shaanxi province, Inner Mongolia 
autonomous region and Shanxi province in China, and formed during Late Paleozoic - Mesozoic [1]. “Pi” comes 
from the folk name (pishuang) of arsenic in Chinese, the appellation of “Pi sandstone” means that it is harmful to 
soil and water conservation. In recent years, Great progress has been made in soil erosion control in Pi sandstone 
distribution area, however, the cause of the erosion vulnerability of the Pi sandstone has not been fully understood. 
Fourteen Pi sandstone samples from the Middle Triassic Ermaying Formation in the eastern margin of the ordos 
basin, China, have been investigated to determine its provenance and clay mineral origin which is blamed for the 
erosion vulnerability of the Pi sandstone using Petrography, X-ray diffraction (XRD), and X-ray fluorescence 
(XRF). Field observations confirmed that the samples were collected from the ephemeral fluvial facies. Mineral-
ogically, the Pi sandstone is composed of quartz (av.39.4%), clay minerals (av.35.1%) and feldspar (av.20.9%) as 
well as calcite (0-13.3%) and dolomite (0-3.1%). X-ray diffraction (XRD) analysis of < 2 m portion shows that 
smectite (av.72.1%) is a dominant clay mineral followed by kaolinite (av.20.1%) and illite (0-15.0%). Geochem-
ically, the Middle Triassic Pi sandstone are classified as wacke, arkose, and litharenite. Detrital components in Pi 
sandstones are most probably derived from the igneous and sedimentary provenance based on the discriminant 
functions, La/Yb-∑REE diagram and δ Eu. A low chemical index of alteration (CIA) (av. 62.3) and the Al2O3-CaO* 

+ Na2O-K2O (A-CN-K) diagram reflect a low chemical weathering degree in the source area, which suggests that a 
semi-arid to arid climate prevailed during the Middle Triassic. In clay minerals, smectite is considered responsible 
for the erosion vulnerability of the Pi sandstone. Smectite can be weathering or authigenic or detrital in origin. 
Some workers believed that smectite derived from weathering of the Pi sandstone in situ [2]. This is in contradic-
tion with the facts that smectite also is a dominant clay mineral in its subsurface counterparts (Zifang Formation) 
collected from depths ranging from 958 to 1310 meters below the surface. The authigenic variety is mainly pro-
duced by digenetic processes. In spite of the paleoclimate condition of arid to semi-arid that is favor of smectite 
precipitation we have not found any typical authigenic smectite under SEM. Most of Clay minerals (smectite as 
well as illite), which occur in the Middle Triassic Pi sandstone as platelets that are tangentially arranged around 
the detrital grain surfaces, are typically formed by mechanical infiltration of detrital clay minerals. All those facts 
above show that smectite occurs in the Middle Triassic Pi sandstone is detrital in origin.

This work is supported by National Natural Science Foundation of China (No. 41572082).

[1] Wang Y. C., Wu Y. H., Kou Q. (2007). Definition of arsenic rock zone borderline and its classification. Science of Soil and Water Con-
servation, 14-18.

[2] Li C. M., Wang L. J., Yang D. L. (2016). Characters of Montmorillonite of Pisha Sandstone. YELLOW RIVER, 14-18.
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A NOVEL MINERAL-DYE COMPOSITE WITH IMPROVED 
FLUORESCENT PROPERTIES FOR ITS APPLICATION IN PHENOL 
DETECTION
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Although fluorescence detection is a sensitive method in the field of pollutant analysis [1-2], its application is 
restricted due to the quenching of organic molecule after aggregation [3]. Herein, we report fabrication of a novel 
inorganic/organic composite prepared by intercalating a photo-active molecule (lucigenin, guest) into the interlay-
er space of montmorillonite (host), which can significantly inhibit quenching [4]. Phenol in aqueous solution can 
be detected by naked eyes at the mM level and by instruments in the range of 0.01 to 100 mM with a detection 
limit of 0.01 mM. For gas phase phenol, the detection limit was as low as 0.3 ppb and a linear response was found 
at concentrations of 0 - 2 ppb. A full fluorescence quenching occurred at liquid and gas phase concentrations of 
50 mM and 177 ppm, respectively. Such a low detection for gas phase phenol is superior to other current availa-
ble analytical methods. In addition, the method is fast in comparison to current available methods for gas phase 
detection, eliminating large volume of sample collection and enrichment. The novelty of this study lies on both 
the development of a new type of mineral-dye composite material, as well as its practical applications for fast, yet 
supersensitive phenol detection and quantification in liquid and gas phases.

Keywords: Phenol; Mineral/dye composite; Fluorescence detection; Fluorescence quenching.

[1] E.M. Nolan, S.J. Lippard (2008). Chem. Rev., 108, 3443.
[2] K.V. Rao, A. Jain, S.J. George (2014). JMCC, 2, 3055.
[3] M. Irie, T. Fukaminato, T. Sasaki et al. (2002). Nature, 420, 759.
[4] L.M. Wu, G.C. Lv, M. Liu et al. (2015). JPCC, 119, 22625.
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SELF-ASSEMBLY OF HALLOYSITE NANOTUBES INTO REGULAR 
PATTERNS

mingxian Liu*, tEngFEi Liu, rui hE, changrEn zhou

Department of Materials Science and Engineering, Jinan University, Guangzhou, China

HNTs are ideal candidate for the self-assembly studies because of their tubular morphology with high aspect ratio, 
high dispersion ability in water without chemical modification, and low cost. HNTs can be assembled into highly 
ordered strips pattern surface in a glass capillary tube or concentric ring pattern via drying the HNTs aqueous sus-
pension. The pattern structure depends both HNTs dispersion concentration and the drying condition. An ordered 
alignment of HNTs in the ring strips especially with high HNTs suspension concentration. The self-assembly of 
such nanotubes offering a large variety of applications, for example, in high performance composite, cell isolation 
interface, and electrochemical devices. The patterned surface can be used as model for preparing PDMS molding 
with regular micro/nano structure. Also, the HNTs rough surfaces can provide much higher tumor cell capture 
efficiency compared to blank glass surfaces. The HNTs rings can guide the growth and orientation of C2C12 my-
oblasts cells perpendicular to the rings. 

Fig. 1 Schematics illustrating the assembly behaviour of HNTs into highly ordered strips pattern surface in a glass capillary tube (a) or concen-
tric ring pattern in a sphere-on-flat geometry (b).

[1] Liu, M., He, R., Yang, J., Zhao, W., & Zhou, C. (2016). Stripe-like clay nanotubes patterns in glass capillary tubes for capture of tumor 
cells. ACS applied materials & interfaces, 8(12), 7709-7719.

[2] Liu, M., Huo, Z., Liu, T., Shen, Y., He, R., & Zhou, C. (2017). Self-assembling halloysite nanotubes into concentric ring patterns in a 
sphere-on-flat geometry. Langmuir. DOI: 10.1021/acs.langmuir.6b04460.

[3] He, R., Liu, M., Shen, Y., Long, Z., & Zhou, C. (2017). Large-Area Assembly of Halloysite Nanotubes for Enhancing the Capture of 
Tumor Cells. Journal of Materials Chemistry B. DOI: 10.1039/C6TB02538B.
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INTERLAYER SPACE RESTRUCTURING OF THE KAOLINITE UPON THE 
TYPES OF GUEST SPECIES
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Differ from the interparticle space and interaggregate space that are derived from the different arrangement of ka-
olinite particles, interlayer space is formed between the tetrahedral oxygen and the octahedral OH ions. Interlayer 
space could be restructured upon the types of the intercalated molecules. New space and lumens could be obtained 
by delamination and exfoliation of kaolinite particles. 

Displacement intercalate served as an ideal way for kaolinite delamination. Kaolinite-anionic surfactants inter-
calation compounds can be synthesized via displacement method using organic grafted derivative of kaolinite 
as a precursor. The basal spacing of the compounds is determined by the molecular length, PH of the suspension 
and surfactant concentration. The X-ray diffraction data showed that the basal spacing increased to 2.0~4.5 nm 
from 0.86~1.1 nm of the pre-modified kaolinite. The volume of the interlayer space increased 2~6 times upon the 
structure of the guest species. The expanded interlayer spacing of intercalation compound is an ideal space for 
further nano-interaction. For kaolinite-stearic acid intercalation compound, a 4.1 nm basal spacing was obtained 
when methoxy-grafted kaolinite used as the precursor. The intercalated molecules occupied the kaolinite interlayer 
space with the 1:1 sheets regularly linked in stacks, and can be further displaced or removed by a specific method. 

Exfoliation of kaolinite can be achieved via intercalation of cationic surfactants. For example, simultaneously by 
the formation of kaolinite-cetyltrimethyl ammonium bromide compound, the single layer of the platy kaolinite get 
curled up into one-dimensional nanoscrolls automatically. The morphology of kaolinite nanoscrolls is dramatical-
ly different from the anionic surfactants intercalation compounds. The lumen generated by the scroll of kaolinite 
layer is larger than that of halloysite nanotube. Moreover, a smaller number of layers and wall thickness were 
observed for the wall of kaolinite than halloysite. BJH pore size distribution data showed that the average lumen 
diameter of the nanoscrolls is ca.18 nm. Unlike the platy intercalation compounds, the interwall space of the ka-
olinite nanoscrolls is constructed by the octahedral sheet and the tetrahedral sheet of the same layer. The van der 
Waals’ force and the hydrogen bond between the adjacent walls are newly formed because the component atoms 
of one side of the spiral interwall space are all changed. It was proposed that the interaction forces between the two 
atomic planes of the interwall space are weakened. It is easier for the prepared nanoscrolls to accommodate guest 
molecules than the original kaolinite.

Not only the newly formed lumen space of the nanoscrolls but also the restructured interlayer spaces of the nano-
scrolls and the prepared kaolinite compounds made them qualification for the creation of novel utility areas such 
as adsorbent, catalyst, and the matrix of hybrids.

Keywords: kaolinite, intercalation compound, interlayer space, delamination, exfoliation.
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KEROLITE-PIMELITE: THE HYDRATED TALC SERIES REVISITED
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Kerolite and its Ni analogue pimelite are 2:1 layer trioctahedral phyllosilicates without interlayer positions [1], 
with the ideal structural formula (Mg, Ni)3Si4O10(OH)2,·nH2O (n = 0.75-1.25) [2]. They can be described as miner-
als with talc affinity and extra water in the structure, however, they have been historically classified either as mem-
bers of the smectite group [3] or of the talc group [2]. Despite both kerolite and pimelite are discredited mineral 
species by the IMA Commission on New Minerals, Nomenclature and Classification (CNMNC), they are included 
in the recommendations for the nomenclature of phyllosilicates by the Association Internationale Pour l’Étude des 
Argiles (AIPEA) [1] and these names are still used nowadays [4,5,6]. In the Falcondo Ni-laterite mining district 
(Dominican Republic), kerolite-pimelite occurs as millimetre to centimetre sized coatings superimposed over oth-
er Ni-Mg phyllosilicates and over rocky fragments, or as millimetre sized, rounded, non-spherical granules embed-
ded in a greenish white, microcrystalline quartz matrix. The X-ray diffractogram shows a broad diffraction peak 
at 9.58-10.02 Å suggesting that it consists uniquely of a poorly crystalline, talc-like phase. This is coherent with 
the transmission electron microscopy (TEM) high resolution imaging, which revealed thin lamellae composed 
of two to six layers with basal spacings of 9.5-9.8 Å. The small particle size, together with the wide and diffuse 
rings observed in the electron diffraction patterns (typical of a random polycrystalline pattern), confirms the low 
crystallinity. The thermogravimetric study shows a remarkable mass loss at low temperatures, indicating that the 
mineral contains more water than talc (which has a single mass loss of about 6% above 800 ºC, corresponding to 
OH-). Under the optical microscope, kerolite-pimelite consists of yellow to brown, banded, botryoidal aggregates. 
It is commonly intergrown with, superimposed and/or crosscut by quartz veinlets. These features suggest that 
kerolite-pimelite and microcrystalline quartz precipitated from a colloidal silica gel. Its anhydrous chemical com-
position is similar to that of ideal talc-willemseite, but the electron microprobe analyses show low oxide-totals. 
The average structural formula is (Ni1.67Mg1.33)Si3.80O9.53(OH)2.19·nH2O (153 analyses). Kerolite-pimelite displays a 
wide range of Ni concentrations (0.47-2.58 apfu, 7.77-40.52 wt.% NiO). According to synchrotron measurements 
on kerolite-pimelite, the best fit of Ni K-edge µEXAFS suggested a model of clustered Ni, only surrounded by 
a defective shell of Ni [7], which is coherent with its disordered nature. These results are comparable with those 
obtained in minerals of the kerolite-pimelite series described in New Caledonia [4,6]. As a conclusion, the terms 
kerolite and pimelite, despite invalid, should be considered to describe this mineral series as a different mineral 
entity than talc and willemseite.

[1] Guggenheim S., Adams J.M., Bain D.C., Bergaya F., Brigatti M.F., Drits V.A., Formoso M.L.L., Galán E., Kogure T., Stanjek H. (2006). 
Summary of recommendations of nomenclature committees relevant to clay mineralogy: report of the AIPEA nomenclature committee 
for 2006. Clays and Clay Minerals 54, 761-772.

[2] Brindley G.W. (1978). The structure and chemistry of hydrous nickel containing silicate and aluminate minerals. Bulletin du BRGM 
section II-3, 233-245.

[3] Faust G.T. (1966). The hydrous Ni-Mg silicates - the garnierite group. American Mineralogist 51, 33-36.
[4] Wells M.A., Ramanaidou E.R., Verrall M., Tessarolo C. (2009). Mineralogy and crystal chemistry of “garnierites” in the Goro lateritic 

nickel deposit, New Caledonia. European Journal of Mineralogy 21, 467-483.
[5] Villanova-de-Benavent C., Proenza J.A., Galí S., García-Casco A., Tauler E., Lewis J.F., Longo F. (2014). Garnierites and garnierites: 

Textures, mineralogy and geochemistry of garnierites in the Falcondo Ni-laterite deposit, Dominican Republic. Ore Geology Reviews 
58, 91-109.

[6] Cathelineau M., Quesnel B., Gautier P., Boulvais P., Couteau C., Drouillet M. (2015). Nickel dispersion and enrichment at the bottom 
of the regolith: formation of pimelite target-like ores in rock block joints (Koniambo Ni-deposit, New Caledonia). Mineralium Deposita 
51, 271-282.

[7] Roqué-Rosell J., Villanova-de-Benavent C., Proenza J.A. (2017). The accumulation of Ni in serpentines and garnierites from the Falcondo 
Ni-laterite deposit (Dominican Republic) elucidated by means of µXAS. Geochimica et Cosmochimica Acta 198, 48-69.
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MODULATING THE LUMINISCENT PROPERTIES OF PYRONIN DYE/
SMECTITES HYBRID FILMS
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The encapsulation of photoactive molecules into different inorganic matrices could provide functional hybrid ma-
terials with interesting photo and optoelectronic applications such as photocatalysts, optical sensors and solid-state 
microlasers. In this sense, well-organized 2D-multilayer clay minerals are one of the most used laminar systems as 
an inorganic host because of their high adsorption capacity by cationic exchange mechanism. 

Two trioctahedral Smectite-type clays, Laponite (Lap) and Saponite (Sap), were used to elaborate macroscopically 
ordered films. These clays are chosen due to their excellent properties, such as high interlayer space swellability, 
purity and transparency, requirements for optical applications. Furthermore, cationic Pyronin Y (PY) dye was 
used as guest to be intercalated into interlayer mineral space of the clays by ion exchange mechanism. PY dye 
is a xanthene dye characterized for its bright pink colour and high fluorescence quantum yield, but usually has a 
high tendency to aggregate either in solution or adsorbed in solid state [1], affecting drastically its photophysical 
properties. 

In this work, on the one hand, the aggregation type of PY dye intercalated into Lap and Sap thin films, at different 
PY loadings is analyzed by the evolution of PY/clay films absorption spectra. Thus, different aggregates types are 
favoured in both clays, i.e., H-dimers (sandwich like disposition) for Lap and J-aggragates (head to tail geometry) 
for Sap, which is attributed to different strengths between the dye and the layered silicate. On the other hand, the 
photoluminescence of the PY/clay films is also studied by steady state fluorescence spectroscopy. With the aim of 
optimizing the PY/clay films fluorescence efficiency, the PY molecular aggregation was reduced by the co-inter-
calation of dodecyltrimethylammonium bromide (DDTAB) [2]. Finally, the orientation of PY molecules respect to 
the normal to the clay surface is determined by the anisotropic response of the hybrid films to the linear polarized 
light [3]. This order is not disrupted by the previous intercalation of the surfactant molecules in the interlayer space.

[1] Sato N., Fujimura T., Tani T., Takagi S. (2015). Tetrahedrom Letter. 2902-2905. 
[2] Salleres S., López Arbeloa F., Martínez-Martínez V., Arbeloa T., López Arbeloa I. (2009). J. Phys Chem. C. 965-970.
[3] Epelde-Elezcano N., Martínez-Martínez V., Duque-Redondo E., Temiño I., Manzano H., López-Arbeloa I. (2016). Phys. Chem. Chem. 

Phys. 8790-8738.
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INDUSTRIAL MICROWAVE PROCESS FOR POZZOLANIC POP 
METAKAOLIN AND CALCINED CLAYS
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Calcined clays are widely used in cement industry, where they are produced to replace parts of the clinker content 
as supplementary cementitious materials (SCM) and hydraulic lime because they exhibit pozzolan activity.

Kaolinite (2SiO2·Al2O3·4OH) is, after dehydroxylation by heating to amorphous phase metakaolinite (2SiO2·A-
l2O3), a very active and well know manufactured SCM. However, other calcined clays (e.g. illite, montmorillonite) 
also exhibit pozzolanic acitivity, particularly after partial transformation and low temperature ceramic phases.

Microwave process show a good alternative as a new industrial process for calcination with an energy-efficient 
process for pozzolan manufacturing. Under the electrical microwave field, the volumetric heat conversion is pro-
duced by the clay mineral at grain, crystal and molecular level, and can be expressed according with the well-
known following expression:

Qgen=2πf ε0 ε”| Eeff|
2

where Qgen is referred to the volumetric heat generated by microwave energy(W/m3); ƒ is the working frequency 
(Hz); Eeff, is the effective electric field intensity (V/m); ε0 is de permittivity of the vacuum, and ε” is the loss factor 
of the dielectric material (or materials to be heated). 

Microwave activated clays show high performance pozzolan at high-energy efficiency and cost-effective process. 
Microwave energy is mainly consumed during main endothermal changes of dehydroxylation, decomposition, 
transformation and sintering process. Improved performance can be obtained for pop metakaolin obtained with 
microwave with high disordering at lower temperature after the excitation of the hydroxyl groups (OH) in kaolinite 
up to sudden sublimation. 

To evaluate the changes during heating, a new method of Dielectric Thermal Analysis under Microwave heating 
(MW-DETA) was made. The complex permittivity was measured identifying the mineral changes during heating. 
Samples of clays rich in kaolinite and smectite were selected and their dielectric properties during microwave 
heating were determined. Mineralogical analysis of clay minerals and associated minerals were made using X-ray 
powder diffraction at several temperature of treatment. Dielectric constant (ε’) and loss factor (ε”) during heating 
was correlated with the mineralogical changes. 

An industrial microwave kiln in continuous flow was fabricated for clay calcination adapted to dielectric changes 
during heating.
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Layered Double Hydroxides (LDH), also known as anionic clays, consist of alternating layers of positively 
charged metal hydroxides and interlayers of charge-compensating anions. The metal hydroxide layers typically 
include both a divalent and a trivalent metal cation, e.g. Mg2+ and Fe3+/Al3+ but others, e.g. essential micronutrients 
such as Cu2+, Zn2+, Mn2+, B3+, can also be incorporated [1]. In addition, many different interlayer anions can be 
accommodated into the interlayer [2]. The LDHs are stable at pH higher than 7 to 8. However, when pH decreases, 
the LDHs partially dissolve. They have been proposed as nitrogen fertilizers, since nitrate anions can be released 
from the interlayer. The intercalation with organic anions has also been explored, e.g. for controlled release of 
herbicides [3]. We have recently demonstrated that Zn doped Mg-Fe(III) LDHs can be used as an “on-demand” Zn 
fertilizer [4]. This is interesting from an agronomic point of view, since Zn and other metal micronutrients essential 
for plant growth (i.e. Cu and Mn) can be dissolved from the LDHs in the rhizosphere due to the acidification ac-
companying root nutrient acquisition. We have therefore further investigated the metal release pattern of different 
LDH compounds. 

LDHs were synthetized by co-precipitation at constant pH under inert atmosphere. Six LDHs were studied: with 
variations of the doped metal cation (Zn, Cu or Mn) and the anion in the interlayer (nitrate or carbonate). Zinc and 
Cu LDHs consists in Zn or Cu-doped type Mg(II)-Fe(III) LDH interlayered with nitrate or carbonate. Similarly, 
the Mn(III)-LDH consist in a Mn doped type Mg(II)-Fe(III) LDH interlayered with carbonate, while Mn(II)-LDH 
corresponds to a nitrate-containing Mn(II)/Al(III). Nutrient release was studied in incubation experiments in buff-
ered solutions of different pH values (5.2 (MES), 5.5 (MES), 6.0 (MES), 7.1 (HEPES), 8.1 (HEPES)) for 28 days. 

According to the nutrient release experiments, the maximum release of Zn from the two anionic forms of Zn-LD-
Hs was approximately 20% of the total Zn content and was reached at pH 5.2, the lowest pH value studied. The 
Cu-LDHs showed similar patterns. The release rate can be described by first-order kinetics. The Mn(II)-Al con-
taining LDH, released a quantity of Mn close to the total Mn content in the LDH. After that, a post-release oxi-
dation and precipitation took place in the solution. A different release pattern was observed for the Mn(III)-LDH, 
which released Mn at slower rate and in smaller proportion of the total content due to Mn(III) disproportionation. 
For all the LDHs, the release increased under acidic conditions. This work demonstrates that micronutrients can be 
released from the LDHs in a pH dependent manner and that the LDHs respond to pH changes in the interval nor-
mally encountered in the rhizosphere of plants (4.5 - 6.5). In order to achieve the full advantage of release-on-de-
mand LDH-based fertilizers it is important to take into consideration both the rate of nutrient release and the 
maximum quantity that can be released. Further experiments are in progress to investigate the uptake by plants of 
micronutrients from LDHs and how their efficiencies are affected by LDH composition. 

[1] Hansen, H.C.B., Koch, C.B., Taylor, R.M. (1994). Synthesis and characterization of cobalt(II)-iron(III) hydroxide carbonate, a layered 
double hydroxide belonging to the pyroaurite group. J Solid State Chem 113: 46-53.

[2] Rives, V., del Arco, M., Martín, C. (2014). Intercalation of drugs in layered double hydroxides and their controlled release: A review. Appl 
Clay Sci 88:239-269.

[3] Benício, L.P.F., Silva, R.A., Lopes, J.A., et al. (2015). Layered Double Hydroxides : Nanomaterials for Applications in Agriculture. Rev 
Bras Cienc Do Solo 39:1-13.

[4] Imran, A., López-Rayo, S., Magid, J., Hansen, H.C.B. (2016). Dissolution kinetics of pyroaurite-type layered double hydroxide doped 
with Zn: Perspectives for pH controlled micronutrient release. Appl. Clay Sci. 123: 56-63.
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CLAY MINERAL TRANSFORMATION AND FLUID SOURCES AT MUD 
VOLCANOES IN THE ALBORAN BASIN (WESTERN MEDITERRANEAN)
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In the West Alboran Basin (WAB), mud diapir structures and associated mud volcanoes (MVs)are fed by over 
pressured sediments and mega breccias/olistostromes, which occur in the deepest unitsoverlaying the metamor-
phic basement [1,2,3]. For this basin, MVs arerelated tothe existenceof overpressure and the upward migrationof 
solid and fluid phases containing hydrocarbons driven by tectonic processes [4]. Extruded materials ascending 
through layers of diverse ages assimilate further elements from the feeder channels, and this complex mixture is 
transported upward to the seafloor. The extruded MV deposits, namely mud breccias, usuallycontaina clay or silty-
clay matrix enriched in expandable clay minerals and containabundantrock-clasts of heterogeneous ages, lithol-
ogy, and size. Mineralogicalcompositionofthis complex mixture of clastsand mud provides relevant information 
on MV processes. In particular, the occurrence of illite/smectite mixed layer indicates mineral dehydration, which 
can be of major significance regarding diagenetic processes associated with fluid flow at depth and also provide 
insights into source rocks and thermal maturity. Our analyses were performed in gravity and piston cores taken 
at two MVs from the WAB. A total of three cores containing mud breccias, drapes and intercalated hemipelagic 
sediments have been studied. Two are from the Carmen MV, one recovered at the flank (MS385G) and one at the 
summit (GP05PC), and another one (MS280G) from the craterof the Kalinin MV. Results from bulk and clay min-
eralanalyses performed by X-ray diffraction (XRD) on drapes and hemipelagic intercalations associated with mud 
breccias reveal amineral composition that is comparable to those from regular marine sediments described off the 
MV provinces in the Alboran Sea. The bulk and clay mineral composition of mud-breccia matrix from all these 
cores show similar composition between the two studied structures, evidencingthat a common source contributes 
to nourish the extruded material. The clay mineral assemblages of the mud-breccia matrix are characterized by 
dominance of smectite and mica, and also mixed-layers of illlite/smectite (I/S) are recognized. An ample range of 
ordering from randomly interstratified (R0) illite-smectite minerals (I/S) to more illitic (up to95% I) and ordered 
ones (R1-R3) was observed. Our results indicate that smectite to illite transformations occurred atvariable but 
significant depth. Stable isotope composition of porewaters (δ18Opw = 5.7‰ VSMOW and δDpw= -10 ‰ VSMOW) 
from mud breccias of piston GP05PC are in line with these mineralogical data, indicating theoccurrence of smec-
tite dehydrationand fluid generation [4]. This finding, together with water-formation temperatures calculated with 
empirical geo-thermometers (K-Na, K-Mg and K-Ca) and geothermal gradient (25-27 ºC/km), allowsto constrain 
the diagenetic conditions for deep-fluid generation within this basin occurring at temperatures of up to 150 ºC [4]. 
In this regards, our results evidence that smectite dehydration constitutes an essential mechanism for fresh-water 
fluid releaseat depth, thus contributing to theoverpressure in the volcano’s source area, and resultingdeep fluid 
migration and subsequent MV activity.

[1] Comas M.C., Suades E., Crespo-Blanc A. (2012). From mud diapirs to mud volcanoes: Shale tectonics within the structural evolution of 
the Alboran Sea basin. Geotemas, 13, 138-141.

[2] Comas M., Pinheiro L.M., Ivanov M. (2010). The Alboran Sea (Leg 1): Look into mud volcanoes, carbonate mounds and climate changes. 
IOC Tech. Ser. 94.

[3] López-Rodríguez, C. (2016). Mud Volcanoes from the Alboran Sea: materials and vulcano-sedimentary and diagenetic process involved. 
Eds. Universidad de Granada, PhD Thesis. 

[4] López-Rodríguez C., De Lange G.J,, Martínez-Ruiz F., Comas M.C., Mogollón J.M., Nieto F., Sapart C.J. (2017). Evidence for mud 
volcano deep fluid sources and recent mud/methane discharge in the Alboran Sea (West Mediterranean).To be submitted to Earth and 
Planetary Science Letters.
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CRYSTALLITE TERMINATION, IRON AND VACANCIES DISTRIBUTION 
IN THE 2:1 AND INTERLAYER SHEETS OF THE Mg-Fe CHLORITES 

katarzyna luberda-durnaŚ, małGorzata lempart, marek szCzerba, arkadiusz derkoWski
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Seven monomineralic chlorite samples representing the Mg-Fe chlorites series were carefully selected for struc-
tural studies using powder X-ray diffractometry (PXRD). All samples were prepared as oriented specimens and 
measured in the Bragg-Brentano geometry. Capillary measurements of randomly oriented powder were also per-
formed. However, even using capillaries and the Debay-Scherrer geometry, preferred orientation was observed. 
The orientation increased gradually with increasing iron content in the samples. 

The diffraction profiles of all samples (background, zero shift, unit cell, and profile parameters, including asym-
metry) were fitted using La Bail method implemented in the program package Jana 2006 [1] which allows to 
obtain cell parameter for all chlorites. All analyzed samples were classified as nearly pure trioctahedral chlorites, 
polytype IIb (some of them possess little impurities, total below 3%). In all samples the semi-random stacking in 
c* direction was observed, which manifests in the slowly decreasing intensity bands in the region between 22 to 26 
2θ (CoKα); in this region the hkl band with k≠3 are present. The observed phenomenon practically precluded the 
differentiation between IIb-2 and IIb-4 (monoclinic and triclinic crystal system). The structure models, in all seven 
chlorites, were established in triclinic C-1 space group based on [2] suggesting that all chlorites with semi-random 
stacking would have triclinic symmetry as the result of averaging of two triclinic and one monoclinic possible 
layer symmetries. 

The main goal of the study was to obtain the structure refinement regarding the distribution of iron and octahedral 
vacancies in the 2:1 and interlayer sheets. New calculation approach was implemented in Sybilla program package 
developed by ChevronTM [3]. Following the significant influence of the outer surface layers of clay crystallites on 
the distribution of basal reflection intensities [4], the two additional crystal models of termination, with 2:1 layers 
or octahedral hydroxide layers were added. In all cases, the information about total content of iron and vacancies 
(found with microprobe analysis and Mossbauer spectroscopy) in the cell was used as a constrain during the refine-
ment. The results show that, depending on established model, the distribution of iron between 2:1 and interlayer 
sheets can differ. For all models in Mg-chamosites, however, total content of iron in 2:1 layer reached 55-60%. In 
turn, the calculations for samples with low iron content suggest that more than 70% of total iron is located in the 
2:1 layer. 

The PXRD measurements were also performed on an iron-rich chlorite after thermal treatment. Upon isothermal 
heating at temperatures up to 450 °C for 24 hours, providing mixed dehydroxylation and dehydrogenation [5], 14 
Å chlorite is still present and no new phases occur. Together with increasing temperature of isothermal heating, the 
peaks became broader and additional chlorite fraction with smaller d00l seems to appear. 

[1] Petricek V., Dusek M., Palatinus L. (2014). Crystallographic Computing System JANA2006: General features. Z. Kristallogr., 229, 
345‒352.

[2] Bailey S.W. and Brown B.E. (1962). Chlorite polytypism: I. Regular and semi-random one-layer structures, Amer. Mineral., 47 819-850.
[3] Aplin A. Matenaar I.F., McCarty D.K., van der Pluijm B.A. (2006). Influence of mechanical compaction and clay mineral diagenesis on 

the microfabric and pore-scale properties of deep-water Gulf of Mexico mudstones, Clays and Clay Minerals, 54, 500-514.
[4] Sakharov B.A., Plançon A., Lanson B., Drits V.A. (2004). Influence of the outer surface layers of crystals on the X-ray diffraction intensity 

of basal reflections, Clays and Clay Minerals, 52, 680-692.
[5] Lempart M., Derkowski A., Błachowski A., Dehydroxylation vs. Dehydrogenation in thermal decomposition of Fe-chlorite, Conference 

materials, Grenada (2017).
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In opposition to classical model of ebb-tidal deltas in mesotidal coastal environments, located seaward of littoral 
sand bars and linked to tidal inlet mouths [1], bay deltas are located lagoonward at the mouth of tidal creeks irri-
gating salt marshes, without connection with open sea through the littoral sand bars. In absence of large significant 
waves, tidal currents and tidal range are the main factors responsible for the shape and extension of these deltas, as 
well as transport and deposition of suspended matter. Consequently, fine-grained sediments (mainly clay minerals) 
dominate the deposits. 

This work presents a wide research about the inner bay deltas developed in lagoon area from the Cadiz Bay (SW 
Spain). The aims of this study are to establish the mineralogy and sediment nature, and the depositional mecha-
nisms and control factors involved in the evolution of these depositional environments. The research is focused on 
the innermost area of the bay, a lagoon zone characterized by shallow sea waters and the presence on its edges of 
an extensive muddy salt marsh zone. The marshes are fringed by a twisty net of tidal creeks and old salt pans, being 
this the zone where the clayey bay deltas are developed. The lagoon communicates through the Strait of Puntales 
with the outer bay, an open sea area that reaches depths up to 20 m. Here the sand is the predominant sediment in 
both, bottom and coast [2]. Tides are dominantly semidiurnal co-oscillating with amplitudes of ~1 m for the M2 
constituent and ~0.4 m for the S2 constituent [3].

Clay Mineralogy of the suspended matter and sea bottom sediments was determined by XRD techniques, while 
grain size distribution was established by Coulter Counter particle analyser. The extension and shape of the bay 
deltas was determined by ortophotography analysis. The temporal and spatial variability of the suspended matter 
concentration (SMC) was established from the analysis of Landsat TM image series, correlating water reflectance, 
measured by remote sensor, with SMC data from surface water sampled simultaneously to satellite overpass. 
Finally, the dynamic and depositional results were compared to the data obtained from the application of a two 
dimensional and nonlinear finite-difference, hydrodynamic model, which simulates the spatial distributions of the 
tidal elevation, specially applied to the Cadiz Bay [3].

The results indicate that Smectite (47%) and Illite (40%) are the dominant clay minerals in the suspended matter. 
Smectite is more abundant than Illite in samples closer to input sources and from inner embayment, but the ratio 
is quickly inverted in outer sector, suggesting a preferential deposit of Smectite in inner zones. That is consistent 
with the higher Smectite contents and lower Illite contents in the bay delta deposits [2]. In regard to the suspended 
matter, the results show a high temporal and spatial variability of SMC in surface water, with values from 1 to 25 
mg/l, depending on the tide situation and the location from input sources. Nevertheless, there is also a marked sea-
sonal variability. The hydrodynamic model has allowed us to delimit the zones of effective sedimentation, while 
the numerical results show small non-linear tidal asymmetries, which suggest the state of general morphodynamic 
equilibrium, despite the observed local changes.

[1] Isla, F.I. (1995). Coastal Lagoons, in Geomorphology and Sedimentology of Estuaries. Developments in Sedimentology, G.M.E. Perillo 
(Ed). Elsevier, 241-272.

[2] Gutiérrez Mas, J.M., Achab, M., Parrado Román, J.M., Moral Cardona, J.P., Sánchez Bellón, J.L., González Caballero, J.L. (1991). Dis-
tribution of recent facies in the bottoms of the Bay of Cadiz. Geogaceta, 21:139-141.

[3] Alvarez, O., Izquierdo, A., Tejedor, B., Mañanes, R., Tejedor, L., Kagan, B.A. (1999). The influence of sediment load on tidal dynamics, 
a case study: Cádiz Bay. Estuarine, Coastal and Shelf Science, 48:439-450.
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Phosphorous in the form of phosphate is a necessary fertilizer in the agriculture. It is obtained from mines which 
eventually will be depleted [1]. Hence, it would be an advantage if phosphate from wastewater could be recovered 
and recycled. Layered double hydroxides (LDHs) have a high affinity for the sorption of phosphate and therefore 
have high potential in the recovery of phosphate from wastewater [2-4]. Layered double hydroxides have the gen-
eral formula [M1-x

2+Mx
3+(OH)2]

x+(An-)x/n • mH2O, where M is metals and A is anions. A variety of cations and anions 
can be incorporated and intercalated into the structure [2]. Both the anions and the cations have been reported to 
influence the phosphate sorption [3,4]. 

In order to develop an LDH ideal for phosphate sequestration from wastewater, the mechanism and the factors 
influencing must be fully understood. Therefore adsorption studies with a range of phosphate concentrations and a 
detailed characterization of the solid product by powder x-ray diffraction (PXRD) and solid state NMR (SSNMR) 
was performed on MgAl and CaAl-LDHs. The combination of PXRD, Raman spectroscopy and SSNMR provided 
new insight into the mechanism. PXRD was used for characterization of the crystalline phases present including 
monitoring of formed calcium phosphate and confirmed the incorporation of phosphate, which was observed as 
a splitting of the (003) reflection. SSNMR was used for identification and characterization of both crystalline and 
amorphous phases. Raman spectroscopy clearly differentiate the structural changes of the local environment of 
P in MgAl and CaAl host structures. 31P MAS SSNMR allowed identification and quantification of the different 
phosphate species. 27Al SSNMR monitored the LDH content and the concentration of amorphous aluminium hy-
droxide which also previously have been observed in LDHs [5,6]. The analysis showed that the CaAl-LDH was 
dissolved to form calcium phosphate whereas the MgAl-LDH showed a much complex mechanism with multiple 
P-binding sites formed.

[1] Cordell D., Drangert J., White S. (2009). The story of phosphorus: Global food security and food thought. Global Environmental Change, 
292-305.

[2] Goh K., Lim T., Dong Z. (2008). Application of layered double hydroxides for removal of oxyanions: A review. Water Research, 1343-
1368. 

[3] Yu Q., Zheng Y., Wang Y., Shen L., Wang H., Zheng Y., He N., Li Q. (2015). Highly selective adsorption of phosphate by pyromellitic 
acid intercalated ZnAl-LDHs: Assembling hydrogen bond acceptor sites. Chemical Engineering Journal, 809-817.

[4] Ashekuzzaman S., Jiang J. (2014). Study on the sorption-desorption-regeneration performance of Ca-, Mg- and CaMg-based layered 
double hydroxides for removing phosphate from water. Chemical Engineering Journal, 97-105. 

[5] Pushparaj S., Forano Claude., Prevot V., Liption A., Rees J., Hanna J., Nielsen U. (2016). How the Method of synthesis Governs the Local 
and Global Structure of Zinc Aluminum Layered Double Hydroxides. The Journal of Physical Chemsitry C, 27695-27707. 

[6] Jensen N., Bjerring M., Nielsen U. (2016). A solid state NMR study of layered double hydroxides intercalated with para-amino salicylate, 
a tuberculosis drug. Solid State Nuclear Magnetic Resonance, 9-15.
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Clay barriers are basic components in the conceptual design of repositories for high level nuclear waste. They are 
generally made of unsaturated bentonite (or a mixture involving expansive clays) compacted at a relatively high 
dry density. This engineered barriers are envisaged as a buffer around the canisters (containing the very pollutant 
waste) in either horizontal drifts or vertical large diameter boreholes excavated at great depths in an appropriate 
geological media. This clay-based isolation system has the multiple purposes of providing mechanical stability to 
the metallic canister (by absorbing stresses and deformations); serving as a buffer around it; sealing discontinuities 
in the emplacement boreholes and drifts; and delaying the water flow from the host rock.. The behavior of the clay 
barrier is highly complex, since it involves coupled thermo-hydro-mechanical (THM) phenomena that take place 
due to the simultaneous heating, generated by the waste radioactive decay and hydration of the barrier, because of 
the water inflow from the surrounding rock. The understanding of the main THM processes and their couplings 
requires the contribution of experimental and fundamental studies. This paper presents the modeling of two in-
filtration cells using different model approaches. The tests were conducted at the CIEMAT facilities in Spain in 
cylindrical cells 40 cm long and 7 cm diameter. They were made of Teflon© to minimize lateral heat conduction, 
and were externally covered with steel semi-cylindrical pieces to prevent the deformation of the cell by bentonite 
swelling. In one of the tests (i.e., GT40) the clay was heated through the bottom surface at a constant temperature 
of 100 ºC. The other test (i.e., IT40) was carried out at isothermal conditions. The cells were instrumented with 
relative humidity and temperature sensors placed inside the clay at three different levels. The relative humidity and 
temperature evolution at different levels inside the clay were recorded. The FEBEX clay was compacted with its 
hygroscopic water content (around 14%) at an initial nominal dry density of 1.67 Mg/m3. The tests were modeled 
using different approaches, considering single and double porosity assumptions and incorporating advanced flow 
models as well. 

Keywords: unsaturated soil, expansive clay, constitutive modeling, THM coupled problem, FEM.
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Nano zero-valentiron (nZVI), due to its large specific surface area, light weightand magnetism, can be used as a 
novel absorbing material. Nevertheless, the aggregation and passivation of nZVI particles prohibit its wide use. 
The nZVI intercalated into montmorillonite (MMT) can be evenly distributed in montmorillonite interlayer space 
and not easy to form a conductive network [1]. The research prepared a new flexible absorbing material and stud-
ied adsorption performance of the composite material. The conductive polymers are important absorbing agents, 
while polypyrrole is one of widely used conductive polymers due to its low density and easy synthesis [2]. Com-
bining conductive polymer and the inorganic magnetic material could improve the absorption performance of the 
composite, due to electric loss and magnetic loss of it [3]. The researchshowedthat the composites with different 
nZVI/MMT contents have different absorption performances. Flexible absorbing material with a thickness of 3 
mm has thebest absorption performance; when the mass proportion of nZVI/MMT is 35%, the composite has a 
reflection loss of 38.5 dB at 6.32 GHz. However, as the content of nZVI/MMT increased, the conductive magnetic 
particles can finally form a conductive network, showing a shielding reflection on the electromagnetic wave and 
inhibiting the absorption performance. 

Keywords: montmorillonite, nano zero-valentiron, polypyrrole, functional materials.

[1] Limei Wu, Libing Liao, GuochengLv, et al. J. Colloid Interface Sci., 2015, 454, 1.
[2] Ruey-Bin Yang, P.Madhusudhana Reddy, Chi-Jung Chang, et al. Chemical Engineering Journal, 2015, 285, 497.
[3] Junfan Zhuang, GuohuaLuo, Fuzhang Zeng, et al. Materials Science and Engineering: B, 2006, 132, 85.
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Recent advances in the drilling industry have led to the design of the drilling wells at greater depths and demand-
ing environments. In this sense, the exposure of drilling fluids at high temperatures and pressures requires a better 
understanding of their rheological parameters. Clays and especially bentonites, are commonly used in the formula-
tion of drilling fluids because they form stable and viscous suspensions. However, the rheological properties of the 
bentonite fluids are affected by temperature. This study examines the influence of temperature on the rheological 
behavior of bentonite samples. For this purpose, 4 Wyoming type bentonites and one hectorite, were utilized. The 
quantitative bulk mineralogy of the samples was determined by X-Ray Diffraction (XRD) on random mounts us-
ing the Rietveld approach (Autoquan® software). Oriented mounts of the clay fractions were rendered homoionic 
with K and Li. K-saturation followed by ethylene glycol solvation was used to determine the layer charge of the 
smectites present (Christidis & Eberl, 2003) [1]. Li-saturation followed by heating at 300 °C for 24 h was used 
to estimate the beidellitic content of the smectites (Green-Kelly test). DTG-TG analysis was used to determine 
the dehydroxylation temperature of the smectites. The chemical composition of the samples, was determined by 
X-Ray Fluorescence spectroscopy (XRF). The cation exchange capacity (CEC) which is also related to the layer 
charge of smectite, was determined by the Kjeldahl method after saturation with ammonium acetate. In order to 
identify the influence of temperature on the rheological properties of the bentonites, the dynamic aging method 
was applied (A.P.I. 13A, 2010) [2]. Hence, 5% suspensions were prepared and subjected to temperatures 25 - 176 
°C under continuous rolling for 16 h. After cooling at room temperature, the rheological properties of the bentonite 
suspensions (apparent viscosity, plastic viscosity and yield point) were determined with a Grace-M3500 and a 
Fann 35S viscometer. The filtrate properties of the suspensions after dynamic aging were determined with an API 
standard filter press at room temperature. The rheograms obtained after aging at the different temperatures were 
modelled with a MATLAB code, which has been designed to determine rheological behaviors varying among 
Bingham Plastic, Power Law and Herschel-Bulkley rheological models. 

The Wyoming bentonites contain 68-79% montmorillonite, whereas the hectorite-rich sample contains 89% smec-
tite. The smectite present is montmorillonite with up to 7% beidellitic layers. All 5 samples are dominated by 
smectites with layer charge of 0.41 ± 0.02 e/huc, i.e. by low charge smectites. Also, the thermal properties of the 
Wyoming bentonites are comparable and the main dehydroxylation event is focused at 620-680 °C (cis-vacant 
smectites). Hectorite dehydroxylated at 800 °C. Therefore the temperatures encountered in the drilling well will 
not cause dehydroxylation of smectites. The rheological properties of the different bentonites varied between 
broad limits. In addition, temperature significantly affected the rheological and filtrate properties of the bentonite 
suspensions. At 25 °C 3 of the Wyoming bentonites displayed Bingham Plastic behavior whereas the remaining 
bentonite and the hectorite displayed Power Law behavior. With increasing temperature, the rheological model 
changed; nearly all suspensions displayed a pseudoplastic behavior and were fitted to Herschel Bulkley or Power 
Law models. The apparent and plastic viscosity varied between broad limits and gradually increased with increas-
ing temperature up to 149 °C. At higher temperatures two of the Wyoming bentonites and the hectorite displayed 
lower viscosity, whereas in the remaining Wyoming bentonites viscosity continued to increase. In addition, the 
yield point and the filtrate loss also varied between broad limits and increased with increasing temperature. 

The observed differences cannot be explained by differences in smectite crystal chemical properties, because all 
smectites have a comparable layer charge and a low tetrahedral charge being characterized as typical montmoril-
lonites with less than 10% beidellitic layers and hectorite without tetrahedral charge. The differences in the rheo-
logical properties is attributed to the variable degree of hydration of the smectite forming quasicrystals of different 
thickness, which cannot break up to smaller particles even at high rates of shear. The rheological properties might 
be improved by using suitable additives (e.g. causticised lignite) or by appropriate processing.

[1] Christidis, G.E., & Eberl, D.D. (2003). Determination of layer-charge characteristics of smectites. Clays and Clay Minerals, 51, 644-655.
[2] American Petroleum Institute. (2010). API Specification 13A 18th Edition. Specification for Drilling Fluids - Specifications and Testing.
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It is widely recognized that diagenetic features and subsequent geological events such as hydrothermal/deuteric al-
teration, weathering and burial history, would set the fingerprint on bentonite occurrences that determines potential 
industrial uses, this regional characteristics may also have local deviations when it comes to smectite rich deposits. 
However, not always this birthmarks rule the way deposits are being exploited, neither have they ruled market 
destinations, particularly in small-scale mining operations. We approach this issue in order to challenge some of 
these establishments aiming contribute to a more adequate mining technique and optimization in market targeting. 

Four years ago at the 15th International Clay Conference, a work regarding spatial distribution of layer charge 
upon a single Bentonite deposit located in Uruguay was presented, It would set the frame in which we now count 
with 15 samples coming from 12 different deposits and 6 different mineralized regions located in Brazil (10), Ar-
gentina (3) and Uruguay (2). They have all been characterized under the same conditions and tried several typical 
industry-processing techniques such as acid activation, Clay polymer nanocomposites, organophilization without 
previous Na activation. Only the latest will be used for the propose of this abstract, given the fact that it will allow 
to build a link between the geological context and application performance.

From X-Ray diffraction (XRD) of randomly oriented powder and X-Ray fluorescence (XRF) chemical analysis on 
bulk samples, we approach the issue of grade and mineral phase semiquantitative annalisys using Rietveld refine-
ment on Topas software. The presence of accessory minerals that would have implications in organophilization at 
the <1 μm size fractions where observed at this stage; finding Kaolinite, Pyrophillite, Cristobalite, Hematite and 
I/S mixed layers as penalty accessory phases. Scanning electron microscopy (SEM/EDX), Thermogravimetric 
analysis (TGA), Size distribution analysis by Malvern and Fourier transform infrared spectrometry (FTIR), were 
also used as complementary methods when the error bar at the molar sum from XRF vs XRD was not acceptable. 
Cation exchange capacity was calculated using the ammonium acetate method finding values that range from 52.7 
meq/100 g to 90,2 meq/100 g. The structural formula, was estimated from the <1 μm size fractions XRF chemical 
analysis on fused beads, in order to gather information regarding isomorphic substitutions in terms of location and 
magnitude of layer charge. Although, we found a clearer trend and easier to access, between layer charge as a func-
tion organo-sorption behaviour; by simply evaluating the 001 peak positions on oriented slides after first K satura-
tion and ethylene glycol solvation, against Organoclays Oriented slides XRD traces, being inversely proportional. 

Over the <1 µm size fraction and using a 16 carbon chain ammonium salt, we evaluate the organic sorption for all 
samples having as a result, a broad variety Organophilic XRD patterns showed distinctive expandability behaviour 
in terms of their 001 (C16H33CH3)-Montmorillonite d-spacing peak position, ranging from 15,2 Å To 21,68 Å. As a 
function of sorbed Organoclay according size of the alkyl chain used, and the known sorption isotherm, basically 
all patterns of organo-compound sorption where observed, going from Lateral Monolayer to Paraffin type bilayer

Finally, we explore the Cluster analysis by means of the PolySnap tool now integrated to a XRD interpretation 
software. We used several multiset combinations from XRD patterns and XRF chemical data on both: whole rock 
and clay size fraction. Finding dramatic clustering when Organoclays oriented slide XRD patters are contrasted 
to the <1 µm size fraction XRF, finding almost a perfect correlations between clusters and the six mineralized 
geological regions object of this study.
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Clay-surfactant hybrids are employed in a variety of industrial and environmental applications. Their behaviour 
and properties depends largely on the structure and arrangement of the organic cations (surfactants) within clay 
mineral interlayers. Detailed information on the conformation of surfactants have provided IR and NMR spec-
troscopies showing the coexistence of disordered gauche and ordered all-trans conformations for the alkyl chains 
depending on the surfactant size and loading level. Less often, however, the relationship between head-group 
structure and chains conformation is reported. In this paper the near-IR (NIR) and 13C MAS NMR spectroscopies 
are used to study the effect of head-group structure on the ordering of surfactants with different alkyl-chain length 
treated at different temperature. The samples were prepared from Na-montmorillonite Jelšový Potok (JP, Slova-
kia) and trimethylalkylammonium (CN-TMA) and alkylammonium (CN-NH3) cations with increasing number of 
carbons (N = 6, 8, 10, 12, 14, 16 and 18) in alkyl chain. The NIR spectra of organo-montmorillonites showed the 
complex band in the 6100-5600 cm-1 region related to the first overtone (2νCH) of the stretching vibrations of the 
CH3 and CH2 groups. The position of the 2νasCH2 component, observed in the 5820-5780 cm-1 interval, reflected an 
abundance of gauche - trans conformers. With increasing alkyl chain length the band was shifted from 5811 cm-1 
(C6-TMA-JP) to 5782 cm-1 (C18-TMA-JP) indicating decreasing number of disordered in favour of ordered con-
formers. Even more pronounced shift, i.e. from 5826 cm-1 (C6-NH3-JP) to 5787 cm-1 (C18-NH3-JP), was detected 
for samples containing NH3 head-group. Moreover, for the same alkyl chain length the wavenumber of the 2νasCH2 
band was always higher for CN-NH3-JP than for CN-TMA-JP sample. It is evident that smaller size of the CN-NH3

+ 
cations as well as H-bonds between hydrogens from the NH3 group and basal oxygens of montmorillonite contrib-
ute to the higher disorder of the CN-NH3 surfactants. To probe the effect of temperature on the alkyl chains order-
ing the C18-NH3-JP and C18-TMA-JP samples were chosen. A special diffuse reflectance cell allowing the in-situ 
measurement in the 25 - 180 °C range was used to obtain NIR spectra. Heating of the C18-TMA-JP up to 100 °C 
evoked the upward shift of the 2νasCH2 band position by 2 cm-1 (to 5784 cm-1) further increase of the temperature 
to 180 °C moved the band to 5787 cm-1. The NIR spectra of C18-NH3-JP revealed only a small shift of the band to 
5789 cm-1 upon heating at 100 °C but no additional change was detected even for the sample heated to 180 °C. The 
NIR spectra of both samples confirmed that with increasing temperature the conformational transition of the chains 
takes place leading to an increase of the amount of disordered conformers. The insight into the arrangement of 
alkyl chains as a function of head-group structure, alkyl chain length and temperature provides also 13C MAS NMR 
spectroscopy. The main signal (30-33 ppm), assigned to internal methylenes of the alkyl chain, was examined and 
the ratio of trans (~33 ppm) and gauche (~30 ppm) conformers (Y = It/Ig) was determined from the signals intensi-
ties obtained by deconvolutions of the NMR spectra in 20-40 ppm interval. The number of trans conformers (with 
respect to gauche) increases with the length of alkyl chain in both CN-TMA-JP and CN-NH3-JP series. The highest 
number of trans conformers (at 30 °C) was detected for the C18-TMA-JP (Y=1.57) and C18-NH3-JP (Y=1.49), the 
lowest for C6-TMA-JP (Y=0.43) and C6-NH3-JP (Y=0.28). For the samples with the same chain lengths more or-
dered structures were confirmed for those with TMA head-group. The trans/gauche ratio decreased markedly with 
temperature for both, C18-TMA-JP and C18-NH3-JP. The Y decrease to 0.70 and 0.44 for C18-TMA-JP heated at 70 
and 100 °C, respectively. Similar values were obtained also for C18-NH3-JP for which the calculated ratio was 0.77 
and 0.54 for samples heated at 70 and 100 °C, respectively. The agreement of NMR results with those obtained 
by NIR spectroscopy supports the utilization of the NIR spectroscopy, simple and relatively cheap technique, for 
probing the conformation of alkyl chains.

Acknowledgments: The authors gratefully acknowledge the financial support of the Slovak Research and Development Agency under the Con-
tract No. APVV-15-0741. This publication is the result of the project implementation: Centre for materials, layers, and systems for applications 
and chemical processes under extreme conditions Stage I (26240120007) supported by the Research and Development Operational Programme 
funded by the ERDF.



Scientific Research Abstracts
Vol. 7, p. 501, 2017
ISSN 2464-9147 (Online)
XVI International Clay Conference | ICC 2017 | Granada, Spain
© Author(s) 2017. CC Attribution 3.0 License

FAST AND CLEAN SYNTHESIS OF NYLON-6 / SYNTHETIC SAPONITE 
NANOCOMPOSITES

alejandro madrid-aCevedo, raquel trujillano*, elena pérez-bernal, beatriz González, 
viCente rives

GIR-QUESCAT, Departamento de Química Inorgánica, Universidad de Salamanca, Salamanca 37008, Spain

In situ intercalation-polymerisation was the first method used for the preparation of polymer/clay nanocomposites 
by Toyota researchers to obtain nylon-6 nanocomposites from the Ԑ-caprolactam monomer [1-3] and previously 
organophilizated natural montmorillonite. In this method the clay is swollen in a solution of the monomer, this 
diffuses into the interlayer space of the clay and then the polymerisation is carried out by application of heat or 
radiation [4].

The aim of this work is the synthesis and characterisation of nanocomposites prepared through a fast, efficient, low 
cost, and environmentally friendly method. To this end, delaminated saponites have been directly synthesized to be 
used as a filler of a polymer matrix formed by nylon-6, by in situ intercalation-polymerisation of the Ԑ-caprolactam 
monomer without using surfactants or other organic reagents to organophilize the clay, thus avoiding contamina-
tion drawbacks. The efficiency of the preparation method has been increased and significant savings have been 
achieved in energy and reaction time by using microwave radiation as an energy source during the synthesis of the 
nanocomposites.

Delaminated saponite was synthetized following the method described by Trujillano et al. [5] and preparation 
of the precursor clay/monomer mixture (5% on saponite) was based on the method reported by Fukushima and 
Inagaki [6]. In situ polymerisation was achieved by calcining the precursor at 250 ºC. Full characterisation of the 
samples was performed by Element Chemical Analysis, PXRD, FT-IR spectroscopy, TG and DTA analysis, etc.

The chemical analysis and PXRD results revealed the formation of delaminated synthetic saponites (SSA) and 
intercalation of Ԑ-caprolactam without the use of any other organic modifier to organophilize the surface of the 
sheets. The production of the nylon-6/saponite nanocomposite (5% w/w) was achieved by in situ polymerisation 
of Ԑ-caprolactam in a conventional muffle furnace or in a microwave oven. The polymerisation is catalysed by the 
hydroxyl groups of the sheet surface, together with the water retained in the interlayer space of the saponite. The 
optimum time for obtaining the nanocomposite in the conventional muffle was 24 h. The use of MW radiation 
greatly decreases the synthesis time to only 8 h. The powder X-ray diffractograms of the nanocomposites revealed 
that the reflection due to the (001) planes is shifted to lower 2q values indicating a swelling of the interlayer space, 
i. e., nylon-6 has been formed in the interlayer space of the clay, obtaining nanocomposites of intercalated type.

When comparing the thermogravimetric curve of the MW-prepared sample solid with that for pure nylon synthe-
sized in the laboratory, the differences observed allow to conclude that the presence of dispersed sheets within the 
polymer matrix increases its thermal stability. 

Acknowledgments: MINECO and ERDF (MAT2013-47811-C2-R).
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Sandstone oil reservoirs consist of different clay minerals such as kaolinite, illite, and chlorite. These clay minerals 
highly affect the formation damage during enhanced oil recovery (EOR) and well stimulation operations in these 
reservoirs. No attention was paid to investigate the effect of these clay minerals on the formation damage during 
different reservoir processes. In addition, no solution was introduced to mitigate the effect of clay minerals on the 
formation damage in sandstone reservoirs. In this study, and for the first time, the effect of clay mineral content 
and type on the formation damage during sandstone acidizing and sandstone enhanced oil recovery applications 
are studied in detail. Sandstone rocks with various clay mineral content, representing actual and outcrop sandstone 
reservoir rocks, were studied. XRD was used to characterize the sandstone rocks to determine the clay type and 
content in each rock. SEM was carried out before and after the acidizing and enhanced oil recovery operations 
for the tested rocks to locate the change in the clay distribution inside the rocks. Different fluids were used in the 
acid and enhanced oil recovery treatments. In sandstone acidizing fluids, such as mud acid (13.5 wt% HCl/1.5 
wt% HF), low and high pH chelating agents (pH 4 and 11) such as EDTA, GLDA, and HEDTA were used in the 
experiments. In EOR experiments, fluids such as seawater with high and low salinity, surfactant flooding, and high 
pH chelating agents flooding were used. In the coreflooding experiments, fluids were injected in the cores at 100 
°C and 1500 psi. The ICP (Inductively Coupled Plasma) was used for EOR effluent fluid analysis. In addition, 
NMR was used to locate the damage inside the rock due to the migration of clay minerals. The results of this study 
showed that the used sandstone rocks in this study consists of illite, kaolinite, and chlorite clay minerals. The illite 
content ranges from 1 to 14 wt%, kaolinite from 3 to 7 wt% and chlorite from 1 to 4 wt%. Based on the coreflood-
ing, SEM, and ICP effluent analysis, the illite clay mineral was the most damaging clay because it broke down and 
migrated in the cores during the experiments of acidizing using mud acid and during low salinity water injection in 
EOR experiments. Kaolinite has little effect on formation damage compared to illite. Chlorite clay mineral has iron 
and this affected the EOR when seawater, low salinity water, and surfactant flooding were used. Chelating agents 
eliminated completely the formation damage effect of all clay minerals during sandstone acidizing and sandstone 
enhanced oil recovery. In sandstone acidizing, chlorite clay mineral caused iron hydroxide precipitation inside the 
cores during treatment with mud acid. Chelating agents, used in this study, were compatible with all sandstone 
rocks with different clay content and did not cause formation damage. NMR showed that clay minerals plugged the 
pore throats of the rocks and reduced the rock permeability during the injection of low salinity water. 

Keywords: Clay minerals; acidizing; sandstone; enhanced oil recovery; coreflooding.
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Clay minerals could fill fault zones, where they can act either as drains or as barriers for fluid circulation. Their 
mineralogical nature and their crystallographic evolution can be driven by several parameters such as their origin 
(creation by metasomatism from fluid circulations, in situ evolution by diagenesis, mechanical and/or diagenetic 
neoformation), the evolution of fault zones or the associated fluid behaviour.

In this study, we present a clay mineral analysis of three major fault zones that developed in an active margin 
setting, the Hikurangi Margin, eastern North Island, New Zealand. This active margin developed in association 
with the westward subduction of the Pacific Plate beneath northern New Zealand since 25 Ma [1]. The onset 
of subduction was accompanied by the development of large seaward directed thrust sheets responsible for the 
growth of an accretionary wedge [1]. This first accretionary wedge was then dissected by extensional deformation 
during a period, between c. 12 and c. 6.5 Ma, dominated by normal faulting [2]. More recently, from c. 6.5 Ma to 
present day, the active margin was again submitted to dominant compressional deformation responsible for the 
inversion of some of the former normal faults. We document the clay composition of some fault gouges in three 
fault zones that have recorded this complex tectonic history and that are now exposed within the Coastal Ranges, 
in the emerged part of the Hikurangi active margin.

Two of the faults analysed in this study, the NE-SW directed Tinui and Whakataki faults, correspond to the soles 
of large imbricated thrust sheets formed just after the onset of subduction. The third one, N-S in direction, is the 
Breakdown Fault that is a younger large deformation zone cross-cutting the main thrust sheets. The Breakdown 
fault zone had a complex evolution from extensional at its origin to positive tectonic inversion during further 
compressional deformation [3].

Clay minerals are studied from a petrological and crystallographic point of view. The mineralogical composition 
inside and outside the fault zone shows, in variable amounts, the occurrence of quartz, feldspars, calcite, glauconite 
and clay minerals as illite/muscovite, kaolinite and interstratified species. Each fault zone shows a homogeneous 
chemical composition, where only the mineral paragenesis changes, probably due to the P-T condition evolution. 
Inside the fault zones, the texture is fine-grained without detrital grains. This should indicate that the clay miner-
als are neoformed. Indeed, in the surrounded rocks, the texture is coarser-grained, with recrystallized minerals, 
suggesting a detrital inheritance. The evolution of crystallographic parameters is addressed with the determination 
of the Kübler Index (KI) [4] that reflects the illite “crystallinity”. KI values indicate high diagenetic metamorphic 
conditions. A difference of crystallinity is observed between the three faults. The Whakataki and Tinui faults 
present KI values around 0.5Δ°2θ. The Breakdown fault presents KI values around 0.7Δ°2θ. This shows that met-
amorphic conditions were higher in the Whakataki and Tinui faults than those in the Breakdown fault. This may 
reflects the difference in age and in motion between basal Miocene thrusts related to the onset of subduction and 
older poly-phased faults related to the deformation of the Coastal Ranges. In this context, fluid circulations and P-T 
conditions would have been different and played a role in the mineralogical behaviour of clay minerals.

[1] Rait G., Chanier F., Waters D. (1991). Landward- and seaward-directed thrusting accompanying the onset of subduction beneath New 
Zealand. Geology, 19, 230-233.

[2] Chanier F., Ferrière J., Angelier J. (1999). Extensional deformation across an active margin, relations with subsidence, uplift and rotations: 
the Hikurangi subduction, New Zealand. Tectonics, 18, 862-876.

[3] Bailleul J., Chanier F., Ferrière J., Robin C., Nicol A., Mahieux G., Gorini C., Caron V. (2013). Neogene evolution of lower trench-slope 
basins and wedge development in the central Hikurangi subduction margin, New Zealand. Tectonophysics, 591, 152-174.

[4] Kübler B. (1968). Evaluation quantitative du métamorphisme par la cristallinité de l’illite. Bulletin Centre Recherche Pau, S.N.P.A., 
385-397.
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Concrete is one of the most abundantly used material in the world after water. This is due to the abundance and 
easy availability of raw materials, low cost of production and versatility of use in any shape, size, quality and 
application [1]. One of the most important constituent of concrete is cement. The major raw material used in the 
preparation of cement is limestone. Apart from all the modern techniques and processes being adopted, the manu-
facture of cement still emits quite a large amount of CO2, mainly from the dissociation of raw limestone and burn-
ing of fuel. Apart from CO2 emissions, in recent years quite a lot of attention is being focussed on the availability 
of natural raw materials for the production of cement. The present study addresses the twin issues of environmental 
emission and resource use by lowering the clinker factor and utilizing mining wastes for the production of a gen-
eral purpose cement. 

It has been well understood that reactivity of calcined china clay depends on the geology of formation of clay, 
chemical and mineralogical compositions, temperature and duration of heating, soaking at the peak temperature 
etc [2-4]. A previous study by Bishnoi et. al. [5] showed the benefits of production of a new type of ternary blend 
cement, containing 50% clinker, 30% calcined clay, 15% crushed limestoneand 5% gypsum (LC3), carried out in 
India. The raw materials required to produce the cement were found tobe easily available in the quality required 
for the production. Calcination of clays was carried out in static kilns used to fire potteries. Grinding and blend-
ing of the cements was carried out at a cement grinding unit. The blends produced were tested in the laboratory 
and building materials were produced using the cement. Good results were obtained from the blends despite the 
sub-optimal conditions of production of the cement, demonstrating the viability and robustness of the technology.

The present investigation deals with the effect of calcination temperatures on the pozzolanicity of a low grade 
china clay and its effect on the properties of a pozzolanic cement. The china clay used in the study was from Katni, 
Madhya Pradesh, Central India which has abundant supply of low grade china clay not suitable for use in ceramic 
or other refractory purposes. This is due to their low kaolinitic and high iron content. TGA studies of the clay 
showed a kaolinite content as low as 30% with a majority of silica. The clay was heated at various temperatures 
between 700 °C to 900 °C and characterized for degree of dehydroxilation and the formation of any unreactive 
crystalline phases e.g. mullite. The pozzolanic reactivity of the calcined clays was also measured by isothermal 
calorimetry and correlated with the dehydroxilation extent. Structural properties of the calcined clays were inves-
tigated by 27Al NMR and 29Si NMR technique to understand the reactivity mechanism. 

It was found from TGA analysis that maximum weight loss of the clay occurred at 900 °C. However reactivity 
was maximum at 800 °C and decreased at higher temperatures. No detectable formation of crystalline mullite was 
found at higher temperatures. Thus the decrease in pozzolanicity at higher temperatures was inferred to be due to 
the formation of spinel phases and initiation of crystallinity of the amorphous phases. Application of the calcined 
clays in a ternary blend of clinker, calcined clay, limestone and gypsum revealed a similar behaviour. The perfor-
mance of the cement was as expected with the maximum strength coming from the highest reactivity clay calcined 
at 800 °C. Thus it was concluded that low kaolin content clays can be thermally activated at lower temperatures 
and can be used to produce a high performance cement containing rejected mine wastes of around 45%. These type 
of cements will also be environment friendly and resource efficient due to the reduction in clinker factor to 0.50.

[1] Sabir B.B., Wild S., Bai J. (2001). Metakaolin and calcined clays as pozzolans for concrete: A Review. Cement & Concrete Composites, 
441-454. 

[2] Shvarzman A., Kovler K., Grader G.S., Shter G.E. (2003). The effect of dehydroxylation/amorphization degree on pozzolanic activity of 
kaolinite. Cement and Concrete Research, 405-416.

[3] Caldarone M., Gruber K., Burg R. (1994). High-reactivity metakaolin: a new generation mineral admixture. Concrete International, 37-
40.

[4] Zhang M., Malhotra V. (1995). Characteristics of a thermally activated alumina-silicate pozzolanic material and its use in concrete. Ce-
ment and Concrete Research, 1713-1725.

[5] Bishnoi S., Maity S., Mallik A., Joseph S., Krishnan S. (2014). Pilot scale manufacture of limestone calcined claycement: The Indian 
experience. The Indian Concrete Journal, 22-2.
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Two profiles from the Aggeria and Agia Irini bentonite deposits in Eastern Milos were studied, in order to deter-
mine the influence of layer charge and charge distribution of smectites in the cation exchange capacity (CEC), free 
swelling, liquid limit (LL) and hydraulic conductivity (k). The evaluation of bentonite profiles was performed by 
determination of the grade (smectite content) and their quality (performace in industrial applications because of 
their physicochemical properties). Grade was determined through measurement of the CEC and quality via acti-
vation with sodium carbonate (Na2CO3) and determination of the free swelling volume and the Liquid Limit (LL) 
with the Casagnande and the Cone penetrometer methods [1]. Layer charge and charge distribution of the smec-
tites present in bentonites was determined according to [2], which is based on the comparison of XRD patterns of 
K-saturated, ethylene-glycol solvated smectites with calculated XRD-patterns for three-component interlayering 
(fully expandable 17.1 Å layers, partially expandable, 13.5 Å layers and non-expandable 9.98 Å layers). Measure-
ment of layer charge and charge distribution is possible by means of the LayerCharge program. The Green - Kelly 
(Green-Kelly, 1953) test was used to differentiate montmorillonite from beidellite. The CEC was determined by 
saturation with 1M CH3COONa and back saturation with 1M CH3COONH4 and measurement of exchangeable 
Na+ with flame photometry. The free swelling test was performed with addition of 1-6% sodium carbonate to 2 g 
of bentonite samples and measurement of the swelling volume after 24 h. Both CEC and swelling were affected 
by the layer charge and charge heterogeneity and charge localization (tetrahedral or octahedral). As it was ex-
pected the CEC increased with increasing layer charge. Furthermore, the smectite samples with abundant fully 
expandable 17.1 Å layers (low layer charge), have low CEC. Also, the presence of high percentage of abundant 
non-expandable 9.98 Å layers (high layer charge), increased the CEC. The smectite content significantly affected 
the swelling volume. The swelling index of the high charge smectites is low (e.g. 19-24 ml/2g clay) while low-in-
termediate charge smectites have the capacity to develop much expansion of up to 35 ml/2g clay. The LL varied 
with the localization of the layer charge, both in beidellitic and montmorillonic layers. In low to intermediate 
layer charge smectites LL decreases with increasing layer charge, while a decrease of LL is observed in smecites 
with high Layer Charge (both two methods). In addition, the LL increased with increasing smectite content in the 
bentonite samples. 

The hydraulic conductivity of bentonites containing smectites with different layer charge and charge heterogene-
ity was determined using the falling head method. The samples were activated with optimum amount of Na2CO3, 
determined from the swelling tests, in order to avoid possible sample failure during the experimental procedure. 
The specimens were prepared at optimum water content and consolidated under pressure equal to 10-12 kPa. The 
hydraulic conductivity of the bentonites varied by varying the layer charge of the smectites, and tended to de-
crease with increasing smectite content. However bentonites containing smectites with high layer charge located 
in the tetrahedral sheet (i.e. beidellites) did not follow the overall trend. In general the hydraulic conductivity of 
the bentonites tended to increase with decreasing content of fully expandable smectite layers and increased with 
increasing content of the non-expandable smectite layers. However, scattering was observed due to the heteroge-
neity of the bentonite samples. In addition, bentonites containing smectites with greater octahedral charge have 
lower hydraulic conductivity. As a general trend the hydraulic conductivity increased with increasing layer charge 
of smectites for layer charge up to -0,45 e/huc. 

[1] Inglethorpe, S.D.J., Morgan, D.J., Highley, D.E., Bloodworth, A.D.,1(993). Industrial minerals laboratory manual: bentonite British 
Geological Survey Tech. Rep. WG/93/20. 

[2] Christidis, G.E., Eberl, D.D. (2003). Determination of layer-charge characteristics of smectites. Clays and Clay Minerals, 51, 644-655.
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APPLICATION OF ORGANIC MATTER AND CLAY STUDIES TO THE 
MIO-PLIOCENE TECTONIC HISTORY OF THE HIKURANGI PRISM 
(NORTH ISLAND, NEW ZEALAND)
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(1) Basins-Reservoirs-Resources (B2R), UniLaSalle, Geos dept., F-60026 Beauvais, France, (2) Technische Universität 
Darmstadt, Institut für Angewandte Geowissenschaften, Schnittspahnstraße 9, D-64287 Darmstadt, Germany, (3) UMR 
8187 - LOG, Université de Lille/ULCO/CNRS, 59650 Villeneuve d’Ascq, France, (4) Basins-Reservoirs-Resources (B2R), 
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On the emerged accretionary prism of the Hikurangi Margin (North Island, New Zealand), Early Miocene to Pli-
ocene burial history and successive tectonic events are accompanied by fluids migration. In the study area (Wair-
arapa Region, eastern North Island), the outer wedge of the accretionary prism is extending offshore eastward 
whereas the inner wedge is widely exposed within the Coastal Ranges. Since the onset of subduction about 25 
Ma ago, the Coastal Ranges have undergone several deformation episodes leading to complex stratigraphic and 
structural patterns. Three major deformation episodes were identified during the Neogene: i) An Early Miocene to 
early Middle Miocene compressional episode, beginning with seaward emplacement of thrust-sheets and followed 
by E-W contraction that is responsible for the development of confined trench-slope basins bounded by structural 
highs [1]; ii) A Middle-Late Miocene period of widespread subsidence accompanied by dominantly normal fault-
ing that is attributed to tectonic collapse [1 and 2]; iii) Tectonic inversion of normal faults during a new compres-
sional period that started at about 6.5 Ma and lasted until present-day [1]. The onland exposure of Neogene trench 
slope basins together with their Cretaceous to Oligocene basement permits high resolution sampling grids of the 
whole lithological units. It provides the spatial study of nature and depositional distribution of the sedimentary 
organic matter and clay minerals. This study, which is preferentially based on onshore sampling, is also extended 
locally offshore through the analysis of cuttings from two prospecting oil wells: Titihaoa-1 and Tawatawa-1. We 
performed a multi-proxy approach, including the analysis of organic matter (Rock-Eval pyrolysis, organic petrog-
raphy, vitrinite (VR) and solid bitumen reflectance (BR) %) and the analysis of clay minerals (illite Kübler-Index 
(KI) and clay mineral reactions). The combination of clay mineral indices and organic matter reflectance [3] and 
VR versus BR [4] allows the recognition of heat flow changes during sedimentary and tectonic burial. Vitrinite 
reflectance (%) and Rock-Eval pyrolysis results show no significant maturity evolution in the thick Neogene sed-
imentary cover. These measurements reflect a very low geothermal gradient through the Early Miocene to Late 
Miocene within the Coastal Ranges. Distribution of illite/smectite interstratified phases in the Cretaceous up to 
the Miocene strata, and their occurrence even in the deepest stratigraphic levels, is consistent with the low burial 
temperatures deduced from our Rock-Eval and vitrinite reflectance results. KI determination from Late Miocene 
rocks from offshore wells (Titihaoa-1 and Tawatawa-1) and from onshore outcrops, indicates a clear influence of 
detritus (comparison of KI from the <2 µm and <10 µm fractions). We observe that illite from Lower to Middle 
Miocene series are less crystallized than in the Late Miocene. KI determination from Lower to Middle Miocene 
series reflect low grade diagenesis while the Late Miocene series indicate an anchizonal grade. The input of such 
detrital material can be associated with a Late Miocene erosional phase that affected the main structural highs sep-
arating the Neogene slope basins or other contemporaneous reliefs further west. These results allow us to constrain 
an evolution scenario for the trench slope basins and associated structural highs as also for the exhumation of the 
Axial Ranges in Central North Island.

[1] Bailleul J., Chanier F., Ferrière J., Robin C., Nicol A., Mahieux G., Gorini C., Caron V. (2013). Neogene evolution of lower trench-slope 
basins and wedge development in the central Hikurangi subduction margin, New Zealand. - Tectonophysics, 591, 152-174.

[2] Chanier F., Ferrière J., Angelier J. (1999). Extensional deformation across an active margin, relations with subsidence, uplift and rotations: 
the Hikurangi subduction, New Zealand. - Tectonics, 18, 862-876.

[3] Ferreiro Mählmann R., Bozkaya Ö., Potel S., Le Bayon R., Šegvić B., Nieto F. (2012). The pioneer work of Bernard Kübler and Martin 
Frey in very low-grade metamorphic terranes: paleo-geothermal potential of variation in Kübler-Index/organic matter reflectance corre-
lations. A Review. Swiss J. Geosci, 105, 121-152.

[4] Ferreiro Mählmann R., Le Bayon R. (2016). Vitrinite and vitrinite like solid bitumen reflectance in thermal maturity studies: Correlations 
from diagenesis to incipient metamorphism in different geodynamic settings. - Int. J. Coal Geol., 157, 52-73.
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MAJOLICA PRODUCTION IN SASSARI (NORTH-WESTERN SARDINIA, 
ITALY). INSIGHTS ON THE PROVENANCE OF CLAYS
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(1) Dipartimento di Scienze della Natura e del Territorio, Università degli Studi, Sassari, 07100, Italy; (2) Soprintendenza ai 
Beni Archeologici, Sassari, 07100, Italy

Archaeological excavations in the city centre of Sassari (Sardinia, Italy) in 2009-2010 have brought to light the re-
mains of a castle and a significant amount of ceramic findings. These are mainly waste materials including spacers, 
incomplete ceramic products and polychrome majolica, whose abundances suggest the presence of a production 
centre in the town. The possible local pottery was stratigraphically associated with monochrome and polychrome 
Ligurian, Tuscan (Montelupo), Latium and Spanish pottery, dating from the sixteenth and seventeenth century [1].

Mameli et al. [2] [3] hypothesized the provenance of the clayey raw material from local marls of Langhian age 
on the base of petrographical analyses. This work, through the textural, mineralogical and chemical comparison 
between archaeological ceramic sherds and pastes artificially obtained, provides information about the quarries 
and gets some data on the manufacture. 

Ninety-five samples, containing 11 spacers, 8 painted open shapes, 1 uncoated open form and 75 pastes artificially 
obtained from eleven different clays (CP1-CP11) collected in some outcrops in the district of Sassari, have been 
selected for the study of fine pottery. 

The ceramic samples have been analysed using different methods; the observations of thin sections by optical mi-
croscopy (OM) have been carried out in order to characterize the microstructure and the morphology of the pastes 
and microfossil relics, while the compositional data have been performed through X-ray diffraction (XRD) and 
inductively coupled plasma mass spectrometry (ICP-MS).

The samples of fine ceramics show small variations in composition and texture. They are characterized by a very 
fine and isotropic, or mildly anisotropic, marly groundmass. The inclusions are essentially single minerals with 
prevailing quartz, K-feldspars, plagioclase, muscovite and rare augite and opaques. Fossils, mainly are globiger-
inae and orbulianae. XRPD analyses of the archaeological sherds revealed the presence of gehlenite, diopside, 
analcime and sometimes traces of larnite as secondary phases. The artificial paste were prepared from marly levels, 
of the so-called “Borutta Formation”, sampled in 6 different sites close to the city and fired at temperatures var-
ying between 600 °C and 1100 °C. Among the experimental briquettes those that best fit the majolica sherds are 
those fired at temperatures higher than 900 °C. In thin section these revealed a quasi-isotropic groundmass with 
inclusion (smaller than that of the majolica sherds) represented by single minerals with prevailing quartz, sporadic 
muscovite and few feldspars. XRPD analyses revealed the presence of gehlenite, diopside, analcime, wollastonite, 
spurrite and larnite as secondary phases.

On the basis of chemical analyses it may be inferred that all the spacers and some sherds of majolica have been 
made using a single clay, or clays from very similar outcrops, compatible with the considered marly formation 
clays. On the other hand these analyses reveal higher contents of SiO2 and Al2O3 in the archaeological pottery than 
in sampled marly clays, probably due to previous settling of raw materials with a consequent enrichment in clay 
minerals.

The temperature of firing approached 850 °C for the bricks as testified by the occurrence gehlenite, and was possi-
bly higher than 900 °C in the faience kilns for the occurrence in some samples of new-formed diopside. Whether 
the presence of analcime is due to high firing temperature (greater than 900 °C) and/or to secondary alteration after 
burying of the sherds is to be established. In fact, in a wet landfill, some elements such as potassium could have 
been leached, and analcime could have formed, due to sodium scavenging by the environment.

[1] Biccone L., Mameli P., Rovina D., Sanna L. (2009). La produzione di maioliche a Sassari tra XVI e XVII secolo: primi dati archeologicic 
e archeometrici. Atti XLII Convegno Internazionale della Ceramica Albisola, 297-310.

[2] Mameli P., Masala L., Rovina D. (2014). “Majolica from Sassari: first evidence of a production center in Sardinia”, Rendiconti online 
Società Geologica Italiana, 31 (1), 264. 

[3] Mameli P., Oggiano G., Cerri G., Pasteriga C., Sechi I., De Rosa B., Testone V. (2015). - Marly clays as raw materials for ceramic produc-
tion in the Sassari district (North-western Sardinia, Italy). 1st International Conference on Metrology, Benevento (Italy), 22-23 October, 
192-196.
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Sepiolite, palygorskite, and smectites are special clays bellonging to the group of adsorbent minerals, and their 
industrial applications in this field are related to the physical-chemical properties, mainly to the surface properties 
and the cation exchange capacity. These properties vary among samples from different deposits, similar to most in-
dustrial minerals, and their description and comparison is a common topic in studies of these special clays. For in-
stance, the specific surface area of sepiolite may vary from 77 m2g-1 to 399 m2g-1, as shown in a comparative study 
of sepiolites from 22 localities around the world [1]. The presence of impurities, the variation in the crystal-chem-
istry, and the texture may influence greatly these properties; however, there are also differences for samples from 
a same deposit because the conditions of study, mainly the pre-treatment of the sample, may be very different.

In this study we compare the results obtained from a) sample with its original texture, in grains of ~4 mm, b) 
ground sample in manual agate mortar, c) ground sample by mechanical grinding, and d) re-sedimented sample. 
The studied samples are i) two smectites, a trioctahedral smectite from the Tajo Basin (Spain) and a dioctahedral 
Na-smectite from Wyoming (U.S.A.), ii) two sepiolites, from Tajo Basin (Spain) and from Polattli area (Turkey), 
and iii) a palygorskite from Attapulgus (U.S.A.). The mineralogical composition from X-Ray diffraction, textural 
features from scanning electron microscopy, the surface properties from the adsorption of N2 isotherms and the 
cations exchange capacity (CEC) and exchangeable cations were studied.

The X-Ray diffraction patterns of samples b and c show that mechanical grinding produces a loss of crystallinity 
with partial amorphization of the sample as can be deduced by the diminution off the diffraction peaks of the clay 
mineral and the small elevation of the background in the central zone of the pattern. The results obtained show 
a variation in all properties for each sample that may be very large; for instance Wyoming smectite displays a 
four-fold increase of the specific surface area (BET) after mechanical grinding. The variations are different for 
the different minerals, and the highest values of BET and total volume of pores was obtained either for natural, 
powdered or re-sedimented samples. However, there is a general increase of microporosity accessible to N2 in 
all samples when they are ground mechanically, with the exception of the sepiolite from Polattli in which the 
textural microporosity of natural sample is probably high. When only the manual and mechanical grinding were 
compared, all samples displayed higher microporous area and micropore volume after mechanical grinding. The 
cation exchange capacity is also higher for samples ground by the mechanical procedure with the exception, of the 
Wyoming smectite in which the CEC is higher for the sample ground in the agate mortar. The X-Ray patterns show 
that this sample has higher crystal order than its counterpart ground mechanically. The increase of of CEC and the 
amount exchangeable Mg2+ obtained after grinding might be related with partial dissolution of the octahedral Mg.

The change of the natural texture by grinding or suspension and sedimentation affects to the surface properties in 
different ways depending on the meso and macroporosity. In general, more extensive grinding causes an increase 
of the microporosity and the CEC.

[1] Suárez M., García-Romero, E. (2012). Variability of the surface properties of sepiolite. Applied Clay Science, 67, 72-82.
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The region of Kinshasa contains abundant raw clay materials. These clays are either residual formed by in situ 
alteration of the Inkisi Neoproterozoic sandstones, or alluvial deposits from the Congo or Ndjili rivers. They are 
already highly valued in terracotta construction. This work aims at valorising these natural clay resources in an-
other sector of construction which is the raw earth, and by this, defining them as a sustainable and energy-saving 
alternative.

Three sites marked by important clay resources were sampled in the low Congo River Basin (Kasangulu, Lutende-
le and Ndjili Cecomaf). The materials of the different localities were characterized in terms of their suitability for 
raw earth constructions according to current techniques and standards.

The samples were studied with respect to their mineralogical (X-ray diffraction), physical (density, natural water 
content, grain size, plasticity index) and geotechnical properties (compressive and bending strength). Sampled 
clays from the three localities are characterized by the following properties. 

(1) Kasangulu material are characterized by a 28-day compressive strength (Rc28) ranging from 2.33 to 2.58 MPa 
and a low 28-day bending strength (Rf28) from 0.56 to 0.59 Mpa, a high density (1800 to 2605 kg/m3), a low 
natural water (<15%) and clay content (<6% of particles lower than 2 microns) and a plasticity index between 10 
and 16. 

(2) Lutendele material is marked by low Rc28 (1.69 MPa) and Rf28 (1.33) values but a high natural water (>15%) 
and clay (>20%) content. The measured plasticity index is lower than 10. 

(3) Ndjili Cecomaf material is characterized by the highest Rc28 value (3.81 Mpa) and intermediate Rf28 (1.01) 
and density (1677 kg/m3) values. Like Lutendele, the Ndjili Cecomaf raw clays contain a high percentage of natu-
ral water (>15%) and clay (17%) but the plasticity index is slightly higher of 12. 

Those parameters allow to propose two different applications for the raw clays from the three sampled localities. 
The Kasangulu material can be classified as more favorable in compressed earth constructions (i.e., rammed earth 
and compressed earth block). The Lutendele and Ndjili Cecomaf materials can rather be classified as more suitable 
for molded earth constructions (adobe, mortar, cob). 

In the rest of the study, characterized clays will be valorised for the production of blocks of raw earth stabilized by 
the addition of vegetable waste coming from households, markets or the agriculture sector. In the region of Kin-
shasa, clay mining for construction is generally artisanal. It produces small quantities of materials which are not 
accessible to all and whose price remains high for a large part of the population. In order to limit the energy cost 
of production and produce a resistant building material, the use of vegetable waste seems to be a solution. These 
wastes are widely available at low cost and their use in construction constitutes new outlets for these materials. The 
recycling of those waste also reduces environmental impacts.
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Clay-dye hybrid materials are a great example of a beneficial host-guest interaction. The confinement of the or-
ganic dye into the 2D interlaminar space of the clay provides thermal and chemical stability, allows dispersion in 
water, increases the rigidity of the molecule, and can help to control the spatial ordering and aggregation of the 
dyes. Using different host-guest pairs, and even combination of various guest molecules in a host, gives rise to a 
very versatile range of materials [1]. Our group prepares and characterizes this kind of dye/clay hybrid materials 
for applications as sensors, electronic devices, and nanocarriers [2-4]. 

In many cases, the properties of the hybrid materials are difficult to elucidate based solely on experimental results. 
In those situations, we add molecular simulation as a complementary technique that can help us to understand the 
underlying mechanisms. Using molecular dynamics simulations [5,6] we try to cover all the aspects of the hybrid 
material lifetime, from the preparation to the stability, including of course the host-guest interactions that influence 
the desired photophysical properties of the material. 

In this presentation we will cover the following aspects of the dye/clay materials:

- Preparation: Diffusion of dyes in the clay’s interlaminar space 

- Photophysical properties: Effect of confinement, solvation and aggregation of dyes [3,4] 

- Stability: Shear strength of dye-modified clays [7]

from the point of view of classical molecular dynamics, and with special emphasis in the correlation between 
experiments and simulations. We will show how molecular simulations can help in the understanding of the pho-
tophysical properties, and briefly discuss some of the limitations.

[1] R.T. Cygan, J.A. Greathouse, H. Heinz, A.G. Kalinichev (2009). Molecular models and simulations of layered materials, J. Mater. Chem. 
19, 2470-2481.

[2] V. Martínez Martínez, F. López Arbeloa, J. Bañuelos Prieto, T. Arbeloa López, I. López Arbeloa (2004). Characterization of supported 
solid thin films of laponite clay. Intercalation of rhodamine 6G laser dye. Langmuir 20, 5709-5717.

[3] N. Epelde-Elezcano, V. Martínez-Martínez, E. Duque-Redondo, I. Temiño, H. Manzano, I. López-Arbeloa (2016). Strategies for mod-
ulating the luminescence properties of pyronin y dye-clay films. An experimental and theoretical study. Phys. Chem. Chem. Phys. 18, 
doi:10.1039/c6cp00382f.

[4] N. Epelde-Elezcano, E. Duque-Redondo, V. Martínez-Martínez, H. Manzano, I. López-Arbeloa (2014). Preparation, Photophysical Char-
acterization, and Modeling of LDS722/Laponite 2D-Ordered Hybrid Films. Langmuir 30 10112-10117. doi:10.1021/la502081c.

[5] R.T. Cygan, J.J. Liang, A.G. Kalinichev (2004). Molecular models of hydroxide, oxyhydroxide, and clay phases and the development of 
a general force field, J. Phys. Chem. B. 108, 1255-1266. doi:10.1021/jp0363287.

[6] A.D. MacKerell, D. Bashford, Bellott, R.L. Dunbrack, J.D. Evanseck, M.J. Field, S. Fischer, J. Gao, H. Guo, S. Ha, D. Joseph-McCarthy, 
L. Kuchnir, K. Kuczera, F.T.K. Lau, C. Mattos, S. Michnick, T. Ngo, D.T. Nguyen, B. Prodhom, W.E. Reiher, B. Roux, M. Schlenkrich, 
J.C. Smith, R. Stote, J. Straub, M. Watanabe, J. Wirkiewicz-Kuczera, D. Yin, M. Karplus (1998). All-Atom Empirical Potential for Mo-
lecular Modeling and Dynamics Studies of Proteins. J. Phys. Chem. B. 102, 3586-3616. doi:10.1021/jp973084f.

[7] E. Duque-Redondo, H. Manzano, N. Epelde-Elezcano, V. Martínez-Martínez, I. López-Arbeloa (2014). Molecular Forces Governing 
Shear and Tensile Failure in Clay-Dye Hybrid Materials, Chem. Mater. 26, 4338-4345. doi:10.1021/cm500661d.
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Institut de Recherche-Mine et Environnement, Université du Québec en Abitibi-Témiscamingue, Rouyn-Noranda, Québec, 
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Mining industry generates large amounts of solid and liquid wastes. These wastes have the potential to adversely 
impact the environment if not properly managed. Special attention is required when the wastes contain sulfide min-
erals. The oxidation of sulfides minerals by atmospheric oxygen generates acidity and contaminants in the drainage 
water. This phenomenon is called acid mine drainage (AMD). In these situations, actions must be taken at the mine 
site to prevent environmental impacts caused by AMD. The reclamation of mine site constitutes the most important 
challenge for the mining industry and different techniques have been developed to control the production of AMD. 

The materials used in engineered cover used for mine site reclamation can be natural (e.g., sand and silt) or recy-
cled (e.g., non-reactive tailings). In the event where natural, silty materials are not available in the close proximity 
to a mine site, clayey materials can be used as engineered cover components as a barrier to water infiltration and 
oxygen migration. This is largely due to the low permeability of clayey materials, which results from their grain-
size distribution and mineralogy. 

The gold mine of Ity, located in Zouan-Hounien, in the western part of Ivory Coast country during its exploitation 
will generate reactive tailings that can be considered as potentially generating AMD. Around this mine various 
materials such as marble and clay materials are available, which could be used as a component of the engineered 
cover for the reclamation of reactive tailings. However, it is important to first assess their properties and test differ-
ent reclamation scenarios in the laboratory to select the best scenario for the mine site reclamation.

To evaluate the possible integration of clay materials in the engineered for the mine site reclamation of Gold Ity 
mine site, physical laboratory models were designed to test three types of covers. These physical models were 
subjected to several wetting and drying cycles and at the end of each wetting and drying cycle, physical and chem-
ical analyses were carried out on the leachates. Also, continuous measurements of volumetric water content and 
suction were performed.

This paper presents a description of the used materials, the configuration of the physical models and the instrumen-
tation used to monitor volumetric water content and suction. The results of hydrogeological and hydrochemical 
behaviour will be presented along with numerical modelling simulations with the objective to evaluate the long 
term cover performance.
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In past decades natural waterbodies have been severely struck by uncontrolled wastewater release. The most 
harmful water pollutants include different organic compounds, such as synthetic dyes. Catalytic wet peroxide 
oxidation has been widely investigated as a method for catalytic degradation of organic water pollutants. This is 
a heterogeneous catalytic process based on the homogeneous Fenton reaction [1,2] that yields hydroxyl radicals 
capable of disrupting chemical bonds in organic molecules. Sulphate radicals, generated by the conjunction of 
cobalt with peroxymonosulfate (Oxone), are even more efficient oxidants than hydroxyl radicals. It is due to their 
higher standard reduction potential comparing with that of hydroxyl radicals [3].

In this work, cobalt impregnated aluminium pillared clay was synthesized, characterized and tested as catalyst in 
the catalytic wet peroxide oxidation of tartrazine dye in the presence of Oxone reagent. The synthesis consisted of 
the pillaring of Wyoming bentonite clay (Source Clay Repository of the Clay Minerals Society) with particle sizes 
of up to 2 μm, followed by the deposition of cobalt oxide species using the incipient wetness impregnation meth-
od. Phase compositions, textural and chemical properties of the obtained material were investigated using X-Ray 
Powder Diffraction, Low Temperature Nitrogen Physisorption, Scanning Electron Microscopy along with Elec-
tron Dispersive X-Ray Spectroscopy, as well as Diffuse Reflectance UV-Vis spectroscopy. The optimization of the 
catalytic degradation of tartrazine dye using the obtained cobalt containing pillared clay was performed regarding 
heterogeneous catalyst and Oxone concentrations, mixing regime etc. The reaction was monitored with respect to 
time using UV-Vis spectroscopy. The obtained spectra implied complex mechanism of the reaction that included 
the degradation of the dye, and the occurrence and subsequent removal of intermediates. Tartrazine degradation 
using cobalt impregnated aluminium pillared clay and Oxone reagent appears to be efficient since the reaction 
conditions under which almost complete removal of species detectable by UV-Vis spectroscopy were established. 

[1] Banković P., Milutinović-Nikolić A., Mojović Z., Jović-Jovičić N., Žunić M., Dondur V., Jovanović D. (2012). Al,Fe Pillared Clays in 
Catalytic Decolorization of Aqueous Tartrazine Solutions. Applied Clay Science 58, 73-78.

[2] Sheldon R.A., Arends I.W.C.E., Lempers H.E.B., (1998). Liquid phase oxidation at metalions and complexes in constrained environ-
ments. Catalysis Today 41, 387-407.

[3] Anipsitakis G.P., Dionysiou D.D. (2004). Radical Generation by the Interaction of Transition Metals with Common Oxidants. Environ-
mental Science and Technology 38, 3705-3712.
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University of Belgrade - Institute of Chemistry, Technology and Metallurgy, Center for Catalysis and Chemical Engineering, 
Njegoševa 12, 11000 Belgrade, Republic of Serbia 
*predragb@nanosys.ihtm.bg.ac.rs; pedja1112@gmail.com

Due to antimony toxicity several methods have been developed for antimony detection including electrochemi-
cal [1,2]. In this paper the use of clay-PVA modified electrodes for determination of antimony was studied. Clay 
from Wyoming deposit was Na-enriched (Na-W) and used for synthesis of clay-poly(vinyl alcohol) composites. 
Two different poly(vinyl alcohol)-PVA to Na-W ratios were used for composite preparation. The composites were 
synthesized with 10 wt% and 20 wt% of PVA. The composites were characterized by X-Ray Powder Diffraction 
and Scanning Electron Microscopy. Both Na-W and composites were dispersed in Nafion® solution prior to depos-
iting on the surface of the glassy carbon electrode (GCE) in order to obtain uniform film [3]. Modified electrodes 
were denoted as GCE-Naf/Na-W, GCE-Naf/NaW-PVA and GCE-Naf/NaW-PVA2 respectively. For comparison 
purpose the GCE electrode modified only with layer of Nafion was prepared and designated as GCE-Naf. The 
applicability of the obtained modified GCE for determination of antimony-Sb(III) concentration was studied.

The square wave voltammograms (SWV) were recorded in the potential window of -0.4 to 0.3 V vs Ag/AgCl 
electrode with following parameters: pulse amplitude = 20 mV, scan increment = 5 mV and frequency = 10 Hz. 
The electrochemical detection of antimony Sb(III) was performed in acidic environment. The experiments were 
performed in antimony concentration range from 2.5 to 200 mM. The peak at around -100 mV vs. Ag/AgCl was 
obtained for all electrodes. Although the presence of clay and clay composites on the electrode surface led to wid-
ening of width at half of peak, the currents obtained these electrodes were several times higher than the currents 
obtained for GCE-Naf in the same concentration range. The presence of clay-PVA composites on electrode surface 
further improved applicability of GCE in Sb(III) detection. The addition of 10 wt% of PVA in clay composite 
resulted in increase of peak current and linear response of peak current vs. Sb(III) concentration in broader concen-
tration range. Further addition of PVA up to 20% reduced peak current response, although linearity was preserved 
in the same concentration range. The dependence of peak current at -100 mV on Sb(III) concentration showed 
linear behavior in the concentration range of 2.5-100 µM for GCE-Naf/NaW electrode with slope of 0.055 µA/
µM. The linear behavior for PVA modified clay was obtained in concentration range of 2.5-200 µM with slopes of 
0.118 µA/µM and 0.056 µA/µM for GCE-Naf/NaW-PVA and GCE-Naf/NaW-PVA2, respectively. 

Acknowledgment: this work was supported by the Ministry of Education, Science and Technological Development of the Republic of Serbia, 
(Project No. III 45001)

[1] Tanguy V., Waeles M., Vandenhecke J., Riso R.D. (2010). Determination of ultra-trace Sb(III) in seawater by stripping chronopotentiom-
etry (SCP) with a mercury film electrode in the presence of copper, Talanta, 614-620.

[2] Dominguez-Renedo O., Gonzalez M.J.G., Arcos-Martinez M.J. (2009). Determination of Antimony (III) in Real Samples by Anodic 
Stripping Voltammetry Using a Mercury Film Screen-Printed Electrode, Sensors, 219-231.

[3] Mojović Z., Jović-Jovičić N., Milutinović-Nikolić A., Banković P., Abu Rabi-Stanković A., Jovanović D. (2011). Phenol determination 
on HDTMA-bentonite-based electrodes, Journal of Hazardous Materials, 178-184.
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A CLASSICAL POLARIZABLE FORCE FIELD FOR THE STRUCTURE 
AND DYNAMICS OF WATER AND CATIONS IN CLAYS AND ZEOLITES
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F-75005 Paris, France, (3) Univ Poitiers, Ecole Natl Super Ingenieurs Poitiers, HydrASA, CNRS, IC2MP, UMR 7285, 
F-86022 Poitiers, France

The wide use of clay minerals in industrial applications (catalysis, formulation), energy and ecological engineering 
(oil recovery, ground water remediation, geological barrier for radioactive waste and CO2) is partly due to their 
remarkable properties of retention at the mineral surface. In environmental engineering, the role of water on clay 
permeability and retention properties is crucial. Indeed, the water is the vector of the motion of the species present 
in the medium, hazardous elements for instance.

Molecular simulations allow a detailed picture of the structure, thermodynamics and dynamics of the fluid at its 
interface with the clay layers [1,2]. Unfortunately, the numerical results do not always reproduce quantitatively 
the experimental results, which casts, consequently, a doubt on the validity of simulations interpretations [3]. In 
particular, the polarizability, which is not taken into account can play a significant role especially when an electric 
field is present at the interface [4], as it is the case with charged clays.

Therefore we developed a polarizable force field (PIM) based on DFT calculations. The structures of two un-
charged clays (Pyrophyllite & Talc) and dry and hydrated montmorillonites with different types of counter-ions 
(Na+, Cs+, Ca2+ and Sr2+) were simulated and compared with diffraction data. Then, the polarizable force field was 
used to study the diffusion of cations and water molecules in montmorillonite. The comparison between the results 
obtained with PIM and the non-polarizable force field CLAYFF show differences and improvements which en-
couraged us to extend PIM development to other types of clays and porous media like zeolites [5,6].

[1] Rotenberg B., Patel A.J., Chandler D. (2011). Molecular Explanation for why talc surfaces can be both hydrophilic and hydrophobic, J. 
Am. Chem. Soc. 133, 20521-20527.

[2] Botan A, Marry V., Rotenberg B., Turq P., Noetinger B. (2013). How Electrostatics influences hydrodynamic boundary conditions: Poi-
seuille and electro-osmotic flows in clay nanopores, J. Phys. Chem. C. 117, 978-985.

[3] Marry V., Dubois E., Malikova N., Breu J., Haussler W. (2013). J. Phys. Chem. C. 117, 15106-15115.
[4] Kamath G., Deshmukh S.A., Sankaranarayanan S.K.R.S. (2013). Comparison of select polarizable and non-polarizable water models in 

predicting solvation dynamics of water confined between MgO slabs, J. Phys.: Condens. Matter 25, 305003.
[5] Tesson S., Salanne M., Rotenberg B., Tazi S., Marry V. (2016). Classical polarizable force field for clays: pyrophyllite and talc, J. Phys. 

Chem. C, 120, 3749-3758. 
[6] Tesson S., Louisfrema W., Salanne M., Boutin A., Rotenberg B., Marry V. A polarizable force field to study dry charged clays and zeolites, 

submitted to J. Phys. Chem. C.
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The alkali activation of clays in soils to produce geopolymers gives us the potential to produce geopolymer-stabi-
lised soil construction materials, which have lower embodied energy and carbon than current conventional materi-
als. The adoption of this technology is limited by the lack of understanding of how the geopolymerisation reaction 
differs between the different clay mineral types found in soils. 

This study demonstrates the differences in behaviour when activating kaolinite, K10 montmorillonite and illite 
with sodium hydroxide solution. These three clay mineral types are the most common found in soils. To enable 
comparison between the clays, a novel approach was used: firstly, that the compositions for the activated samples 
were calculated using consistent Na:Al molar ratios; secondly, that each sample once mixed with the alkaline solu-
tion was at its approximate plastic limit. Na:Al molar ratios of 0.25, 0.75 and 1.5 were used, giving a wide range 
of alkaline solution concentration up to saturation point. Samples were produced by mixing dry clay powder with 
a calculated quantity and concentration of sodium hydroxide solution, compacting into a mould, and curing at 80 
°C for 24 hours.

XRD patterns, SEM images and bulk sample photos will be presented which show significant differences in phase 
formation and production phenomena between the clays, under identical production conditions. Most significant 
is that kaolinite forms a crystalline sodalite product phase, whereas the 2:1 clays K10 montmorillonite and illite 
form an amorphous product phase. This and other differences are likely to have arisen from the clays’ different 
dissolution rates. From the macro- and microstructural evidence presented, it will be argued that the differences in 
crystalline structure and composition between clays make the widespread production of geopolymer-stabilised soil 
construction materials more difficult than previous authors have suggested.
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The increase in average global temperatures since the mid-20th century may be ascribed to the increased emission 
of anthropogenic greenhouse gases [1]. Generally, human activities result in emissions of four long-lived green-
house gases (GHGs): CO2, CH4, NOx and halocarbons, of which CO2 is the most important anthropogenic GHG, 
because it has increased around 40% from the preindustrial era as a consequence of the fossil fuel consumption 
and the change of soil use [2]. So, technological proposals have been conducted for reducing the emissions into 
the atmosphere by mean of what is known as carbon dioxide capture, transport and storage. Such strategy involves 
the development of innovative, available and cost-effective carbon capture and storage (CCS) technologies. One 
of the options of CCS is the mineral carbonation. The results of this process of fixing are the safest long term, but 
the main obstacle to mineral carbonation is to do it economically in terms of both money and energy cost. 

This research explores the possibilities of CO2 sequestration on ceramic building materials, in order to propose the 
injection of CO2 in a quarry filled with construction wastes as reclamation materials. To approach this possibility 
a reaction chamber at pilot scale has been designed, which simulates the conditions to carry out the carbonation 
process in a quarry rehabilitated with materials of construction where the sealing rocks are common clays.

The brick-wastes used were rich in wollastonite, diopside, orthoclase and anhydrite. The behaviour of this mate-
rial with CO2 was previously tested, showing the formation of calcite and the partial destruction of silicates and 
anhydrite. The carbonation was proportional to the reaction time and was independent of the particle-size of the 
waste. The maximum carbonation was obtained for experiments carried out during 30 days, 10 bar of CO2, 20wt% 
of relative humidity (RH) and room temperature. The common clay is composed of calcite, illite and quartz with 
minor smectite and after carbonation the calcite content also increased [3]. 

Experimental condition in the reaction chamber were: reaction time 5 months, pressure of CO2 0,5 bar, RH of 
brick layer 20 wt%. The experiment was followed by XRD, FRX, BET, SEM, TG, optical microscopy, elemental 
analyzer and Bernard’s calcimeter. In addition the soluble ions (Ca, K) were chemically analyzed by TXRF.

With the CO2 treatment, wollastonite, diopside and anhydrite were partially destroyed, and calcite precipitated as 
new phase. Also amorphous materials increased significantly. Chemical analysis of the brick layer showed that 
calcium decreased, and the RH of the brick layer decreases to a 14 wt%.

On the other hand, the common clay in contact with the brick layer increases RH from 8 wt% at the surface to 20 
wt% in contact to the brick layer in deep. The CO2 produced an increment of calcite content (from 55 to 64 wt%) 
in the marl, particularly close to the upper part of the brick layer. Nevertheless, as there is not a significant variation 
of specific surface area of the common clay, no physical retention of CO2 occurred. 

These results are hopeful in relation with the possible mineral carbonation of building ceramic waste in a short 
time at surface conditions, and opens the opportunity to use those wastes for CO2 trapping in an appropriate sys-
tem, as a quarry reclamation.

This research was funded by the Andalucía Government (RDCCO2 project, P12-RNM-568), and the contract of Domingo Martín granted by 
the V Plan Propio de Investigación de la Universidad de Sevilla.

[1] Metz, B., Davidson, O., De Coninck, H., Loos, M., Meyer, L. (2005). IPCC special report on carbon dioxide capture and storage. Inter-
governmental Panel on Climate Change, Geneva (Switzerland). Working Group III. 

[2] Stocker, T.F., Qin, D., Plattner, G.K., Tignor, M., Allen, S.K., Boschung, J., ... & Midgley, B.M. (2013). IPCC, 2013: climate change 
2013: the physical science basis. Contribution of working group I to the fifth assessment report of the intergovernmental panel on climate 
change.

[3] Galán E., Aparicio P. (2014). Experimental study on the role of clays as sealing materials in the geological storage of carbon dioxide. 
Applied Clay Science 87 22-27.
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The generation of environmental problems associated with the manufacture of cement, the depletion of raw ma-
terials, as well as its high energy demand and the increase of the costs associated with it, are leading to the inves-
tigation of new cement materials and to the use in their manufacture, as a raw materials, waste and by-products 
from other industries.

The cement industry requires a lot of energy. Atmospheric emissions occur primarily from the physical and chem-
ical reactions of raw materials and secondarily from the burning of fossil fuels. Thus, the production of 1 Tm of 
cement entails the emission of approximately 1 Tm of CO2 depending on the fuel used. Estimations suggest that 
cement production is responsible for 5-7% of the worldwide CO2 emission [1]. Due to the great environmental 
concern and the great importance of CO2 emissions by greenhouse effect, different possibilities are posed to reduce 
emissions in this industry.

On the other hand, the structural ceramic industry generates in its manufacturing process a series of pieces that 
present breakages and defects. If they are brought to a small particle size, they can be used again in the production 
process. These residues, such as chamotte, can represent a considerable saving in the consumption of raw materials 
through its incorporation to produce cement clinker.

For the study of the new formulations of cement clinker, a characterization of the raw materials and chamotte was 
carried out. Specifically a mineralogical analysis was carried out using XRD and the determination of its chemical 
composition by FRX. The results of the mineralogical analysis (XRD) of the chamotte allow us to establish that 
it is mainly quartz with presence of iron oxides (hematite) and hercinite. As for the chemical analysis (FRX), we 
can see that the content of silica identified in the XRD as quartz predominates, almost 9% of iron in the form of 
hematite and the aluminum and magnesium present are in the form of hercinite.

For the design of clinker formulations, modified Bogue equations and LSF, SM and AM modules were used. In 
this way four different formulations of cement clinker have been designed, starting from the composition without 
chamotte (75.85% limestone - 24.15% mix of red, black and yellow clays) and continue with ranges of variation 
of 2.5, 5, 10% by weight of chamotte. This type of cement, unlike conventional Ordinary Portland Cement (OPC), 
contains a higher percentage of belite (C2S) and a lower percentage of alite (C3S). In order to reach the desirable 
percentages of C2S and C3S, the lime saturation factor (LSF) must be between 78% and 83% [2]. The environ-
mental benefits of the belite type cements over OPC can be summarized as follows: energy saving could rise up 
to 16%, burning temperatures could be reduced by 6-10% and levels of emitted CO2 and NOx could fall [1]. By 
combining the production of belite cements with alternative raw materials as a substitute for limestone or clay, 
such as chamotte, additional benefits may be obtained.

[1] Iacobescu R.I., Koumpouri D., Pontikes Y., Saban R., Angelopoulos G.N. (2011). Valorisation of electric arc furnace steel slag as raw 
material for low energy belite cements. Journal of Hazardous Materials, 287-294.

[2] Lawrence C.D. (2003). The production of low-energy cements, in: Lea’s Chemistry of Cement and Concrete, 4th ed. Butterworth-Heine-
mann.

[3] Hewlett P.C. (2004). LEA’S. Chemistry of cement and concrete, 4th ed. Elsevier.
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Incorporation of lanthanide ions in synthetic clay minerals is a promising approach to combine the efficient sharp-
line emission of lanthanides with the structural stability and biocompatibility of clays [1,2]. Here we report lu-
minescence of Eu3+, Tb3+ and Er3+ ions, homogeneously distributed in the dispersing inorganic-host high-charge 
micas Nan[Mg6]

VIII[Si8-nAln]
IVO20F4. This aluminosilicate host is a synthetic exchanger layered-clay with unique 

structural properties and high cation exchange capacity. Despite the forbidden nature of the f-f transition involved, 
well-resolved lanthanide ions luminescence is observed in the micas, and, contrary to previous results, the use of 
an antenna for light absorption and transfer to the lanthanide is not required. The fluorinated nature and the absence 
of iron impurities, together with homogeneous dispersion of lanthanide ions provided by Al3+, makes the high-
charge mica an attractive inorganic host. Further evidence of homogeneous distribution and isolation of lanthanide 
cations in the hexagonal cavities of the mica is provided by spectroscopic luminescence and lifetime measure-
ments. Lastly, since micas are a biocompatible nanomaterial, they represent an ideal inorganic host matrix for 
lanthanide ions, to be explored in biomedical applications such as drug delivery, biosensing, imaging or diagnosis.

[1] Lezhnina, M., Benavente, E., Bentlage, M., Echevarría, Y., Klumpp, E., Kynast, U. (2007). Luminescent hybrid materials based on a clay 
mineral. Chem. Mater. 19, 1098-1102.

[2] Ryu, S.J., Kim, A., Kim, M.D., Hong, S.W., Min, S.S., Lee, J.H., Lee, J.K., Jung, H. (2014). Photoluminescent europium(III) complex 
intercalated in natural synthetic clay minerals for enhanced latent fingerprint detection. Appl. Clay Sci. 101, 52-59.
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To the best of our knowledges, no exploration has been made on the potential of uranium and thorium isotope ra-
tios to provide further insight on the evolution of kaolinites since their formation. To this aim it should be consider 
a null hypothesis to verify or reject, which is that all the nuclides from the same radioactive series (238U/234U/230Th) 
are in secular equilibrium, while the 238U/232Th isotope ratio mimics that of the local continental crust. Therefore 
the main aim of this work were: a) establishing the chemical fractionation of uranium and thorium throughout the 
general method proposed in [1] as adapted for measurement using tandem quadrupole ICP-MS/MS, b) testing the 
possibilities of the analyses of uranium and thorium isotopes in kaolin samples, c) to apply those results to the 
evolution of kaolinitic clays after their formation. The studied kaolin materials were sampled in six different out-
crops located in the easternmost part of the Iberian Range (NE Spain), the so-called Maestrazgo Basin. This basin 
was originated during one of the most active stages of the Late Jurassic-Early Cretaceous rifting process. Sample 
F2Y comes from the Lower Cretaceous (Barremian) Fuentespalda karst bauxite deposit (Teruel), FR9 is a lateritic 
claystone from the Barremian Artoles Fm. Two samples belong to the Barremian Camarillas Fm: MV36AC, a 
red claystone, and MV36AR, a medium to coarse white creamy sandstone. Finally, samples AR6 and EST2 are 
dark grey to black claystones from the Albian Escucha Fm near Ariño and Estercuel (Teruel), respectively. The 
radiochemical method proposed was applied to certified reference samples in order test uranium and thorium frac-
tionation throughout the procedure. To do that, in several of the steps a small aliquot of the resulting solution were 
removed, and then were subsequently diluted into 1% HNO3 and measured by ICP-MS/MS for 238U and 232Th con-
centrations. Fractionations and chemical yields can be calculated by comparing the obtained element concentration 
with the certified value. The mineralogical analysis shows that F2Y is composed of kaolinite, hematites, gibbsite 
and boehmite, with traces of anatase and rutile; FR9<2 µm is composed mainly of kaolin minerals (kaolinite and 
halloysite) with hematites as minor and trace of anatase and chlorite; WMV36AR<2 µm is composed of kaolinite, 
with minor amount of illite and calcite and traces of quartz and feldspar; WMV36AC <2 µm is mainly composed 
of kaolin minerals (kaolinite and halloysite), illite and traces of anatase, quartz and feldspar; and those of the Escu-
cha Fm are containing organic matter and EST2 is composed of kaolin minerals (kaolinite and halloysite) with mi-
nor vermiculite, whereas AR6 contains kaolinite, pyrite, minor quartz and illite, and traces of calcite, gypsum and 
goethite. Concerning the isotopes results all the kaolinitic clays, with the exception of sample WMV36AR<2 µm, 
are showing a clear radioactive disequilibrium. Samples WMV36AC <2 µm, AR6 and FR9<2 µm are close to the 
line of radiactive equilibrium, MV36AC above and the other two below the line. As values above the secular equi-
librium condition could be associated to relatively recent selective removal of 234U as a consequence of weathering, 
this process could occurred in the case of the bauxite (F2Y). On the other hand, the values below the secular equi-
librium could be showing the influence of deposition via adsorption or precipitation (e.g., anoxic environment) of 
water-carried uranium, which is usually enriched in the lighter isotope as a consequence of the selective leaching. 
This is situation seems to be very clear in the case of materials from the Escucha Fm, and particularly for EST2. 

This research was funded by the Spanish Ministerio de Educación y Ciencia (CGL2013-46169-C2-1-P and CGL2013-46169-C2-2-P) and the 
contract of Domingo Martín granted by the V Plan Propio de Investigación de la Universidad de Sevilla.

[1] Herranz, M., Lozano, J.C., Bolívar, J.P., García-Tenorio, R., (2015). Comparison of several methods for thorium-isotopes determination 
in Environmental and Industrial Samples, in: ENVIRA2015 International Conference on Environmental Radioactivity: New Challenges 
with New Technologies. 21-25 September. Thessaloniki, Greece. doi:10.1016/S0967-0645(02)00033-4.

[2] Mas, J.L., Villa, M., Hurtado, S., García-Tenorio, R., (2012). Determination of trace element concentrations and stable lead, uranium and 
thorium isotope ratios by quadrupole-ICP-MS in NORM and NORM-polluted sample leachates. J. Hazard. Mater. 205-206, 198-207. 
doi:10.1016/j.jhazmat.2011.12.058.
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The problem of agricultural soils rehabilitation in Belarus, Russia and Ukraine, contaminated in the result of the 
Chernobyl NPP accident, is well-known and extremely important nowadays. Considering the scale of radioactive 
contamination of the territory of Belarus and the half-life of the most abundant radionuclides, it is an extremely 
large amount of cheap and effective organic and/or mineral sorbents that are required to minimize biological up-
take of radionuclides from the top soil layer. 

One of the perspective solutions of the radioactively contaminated soils rehabilitation problems is theuse of natural 
raw materials (sapropels) and chemical industry wastes (clay-salt slimes) as radionuclides sorbents. Sapropels are 
the substances of biogenic origin, which are formed by animal and vegetable remains at the bottom of freshwater 
lakes where thelack of oxygen is observed. As for determination of sapropels types, the main feature is the content 
of organic matter. Besides the colloidal structure of sapropels, the big specific surface and considerable cation 
exchange capacity allow to use sapropels as an effective sorbent of radionuclides. It is indicated that organic sapro-
pels, which are characterized by high values of cation exchange capacity (CEC), are more effective for the sorption 
of radiostrontium. While the silica, which have the highest Radiocaesium Interception Potential (RIP) values, will 
be the most effective for the sorption of radiocaesium.

Clay-salt slimes (CSS) are the large-tonnage waste products resulting from the sylvinite ore recycling at JSC “Be-
laruskali” and represent a suspension of clay particles in a saturated salt solution. The results of the preliminary 
studies of the physicochemical properties and characteristics of CSS indicate that CSS are clay minerals. CSS 
main components are calcite, dolomite, montmorillonite, illite, and quartz. The property of CSS is the constancy 
of morphological features of the original samples; this is a determining factor ensuring a high sorption rate of radi-
onuclides, especially radiocaesium. The CSS fixing ability of 137Cs from multicomponent solutions is about 75-84 
wt% of its initial content. The Radiocaesium Interception Potential RIP(K) was studied by the J. Wauters method 
and is 6631 ± 216 mmol/kg. 

A methodological approach based on the quantitative data on the exchange forms of 137Cs and 90Sr, CEC and the 
exchange potential binding RIP(K) of radiocesium was developed. This approuch allows to carry out the selection 
of the sorbents of radionuclides with optimal physicochemical and sorption properties. We obtained the analytical 
expression for evaluating the effectiveness of adsorbents for the reduction of 137Cs migration into the plant from 
the soil, which is the combination of RIP(K) values of soil, sorbent and dose of sorbent inserted into the soil. It 
has been estimated that for the reduction of 137Csmigration from soil to plant in 2 times, the RIP(K) ratio of the 
sorbent and the soil must be not less than 25 (subject to economic feasibility of the insertion of sorbent into the 
soils in a dose of 1-4 wt. %). The developed method allows to evaluate the efficience of sorbents application for 
the rehabilitation of soddy-podzolic soils of Belarus contaminated with 137Cs and 90Sr.

On the basis of the developed methodological approach organomineral sorbents (OMS) of radionuclides were 
obtained on the basis of natural organic material (sapropel) and chemical industry wastes (clay-salt slimes); the 
effectiveness of their application for reduction of 137Cs and 90Sr migration in a soddy-podzolic sandy and sandy 
loam soils of Belaruswas showed as well. The results of greenhouse study of the OMSeffect on reducing 137Cs and 
90Sr migration in the soil - plant (seedlings rye) shows that the insertion of OMS to the soddy-podzolic sandy loam 
soil in the amount of 1-4% by weight reduces 137Cs and 90Sr migration in 2-4 times.

The developed mathematical models of 137Cs and 90Sr migration can be used for predicting the long-term radionu-
clides migration in the soil - soil solution -plant system in case of anuclear and/or radiation accident.
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Pleistocene glaciovolcanic eruptions occurred frequently beneath continental-scale ice sheets that produced vitric, 
fragmental volcanic deposits in Helgafell, Iceland (tholeiitic basalt) and Wells Gray, BC, Canada (alkali olivine 
basalt). The deposits are highly susceptible to hydrothermal alteration that transforms sideromelane (basaltic vol-
canic glass) into palagonite (early amorphous material) and secondary minerals (e.g. zeolites, clays and sulfides). 
As an analogue material for Mars, palagonite and the process of palagonitization resulting from glaciovolcanism is 
an important paleoclimate proxy [1]. Compositional controls, mass transfer and geochemical-textural relationships 
are investigated by optical microscopy, Electron Microprobe Analysis, Laser Ablation Inductively Coupled Plasma 
Mass Spectrometry, and geochemical modelling. Helgafell’s thinner (6-10 microns) palagonite rims demarcate 
highly vesicular (30.2%) sideromelane that has more gel-material (18.9%) and secondary minerals (1.4%) than 
Wells Gray’s microlite-rich (12.3%) sideromelane with thicker palagonite rims (10-15 microns). The thicknesses 
of palagonite rims in one locality are similar whether the sideromelane is unaltered or completely altered and at 
least two important geochemical-textural relationships are formed during palagonitization (e.g. spherical textures 
and geochemical-textural trends across palagonite rims).

Multi-dimensional scaling confirms that sideromelane composition, reflecting igneous processes, strongly con-
trols the chemistry of palagonite. Microprobe traverses identified eight prominent geochemical trends across the 
glass-palagonite interface and palagonite rim, which do not appear to be controlled by sideromelane composition. 
Several element concentrations decrease in palagonite, including Si (by ~3-10%), Al, Ca and Na, while Ti, Fe and 
Mg concentrations increase. Locally, the palagonite has an inner Ti-rich zone. The gradual increase in Mg across 
the palagonite rim may be indicative of changes in solubility and pH.

Mass balance calculations from Gresens’ isocons [2] demonstrate that the calculated range of percent mass transfer 
is significantly affected by assumptions about the concentrations of water inferred to be present in palagonite. The 
calculations are also most consistent with a two-stage process of mass transfer.

Keywords: palagonite, sideromelane, glaciovolcanism, palagonitization, smectite, basaltic glass.

[1] Ackiss, S.E., Horgan, B., Campbell, A., Seelos, F.P., Farrand, W.H. & Wray, J.J. (2016). Mineralogical evidence for subglacial volcanoes 
in the Sisyphi Montes Region of Mars. LPI Contributions 1926, 47th Lunar and Planetary Science Conference. Abstract #1305.

[2] Grant, J.A. (1986). The isocon diagram - a simple solution to Gresens’ equation for metasomatic alteration. Economic Geology, 81, 1976-
1982.
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Non-conventional shale reservoir rocks are characterized by multi-scaled pore systems (from micro- to nanometer) 
and variable spatial distribution of organic matter (OM) and minerals (porous clay matrix and nearly non-porous 
grains, such as feldspars, carbonates and quartz). The OM and clay matrix bear most of the pore network of the 
reservoir, controlling the storage areas and pathways forhydrocarbons migration. Porosity evolution within such a 
complex heterogeneous reservoir, from oil to gas window, is strongly dependent on the relative arrangement and 
content of non-porous grains and porous matter (clay, OM). Therefore, only a combined multi-technique approach 
could provide relevantquantitative information on the pore network organisation. Core samples (~7x7 cm) from 
three different exploration wells of Vaca Muerta formation, in zones with various hydrocarbons types (condensate 
gas, dry gas and oil) were investigated to characterize the specific porosity of the clay matrix and its spatial dis-
tribution. 

Autoradiography was performed on large core scale surfaces (~25 cm²) of samples impregnated with a 14C-MMA 
resin to map and quantify the porosity. An automatic polishing procedure was developed for these large impregnat-
ed areas allowing production of porosity maps with limited artefacts and a resolution of ~10 µm over decimetric 
spatial distribution of the total porosity. Such a quantitative porosity mapping accounts for all the pores regardless 
of their size, including the interlayer space of swelling clay minerals [1]. Mosaics of SEM Back Scattered Electron 
images (resolution ~0.5 µm) were acquired for smaller areas of interest, on the same polished surfaces to allow a 
correlation with the porosity maps at a millimetric-micrometric scale. An advanced image analysis procedure was 
applied on BSE mosaicsto identify the spatial distribution of the different minerals in order to produce mineral 
maps controlling the porosity [2]. The superimposition of the mineral and porosity maps with careful correlation 
of various data sets, revealed the relationships between local porosity values and mineral components, as well as 
the specific porosity of the clay matrix. 

To compare with previous studies, more classical bulk methods for porosity evaluation (nitrogen adsorption with 
a kinetic control of adsorption equilibrium, mercury intrusion and nuclear magnetic resonance) were applied on 
sub-samples blocks, previously localized by X-ray µTomography from the same core samples. These methods 
were performed to allow a direct comparison of the data on pore size distribution of clay matrix with the quanti-
tative porosity maps. 

[1] Hellmuth, K.H., Siitari-Kauppi, M., Lindberg, A. (1993). Study of porosity and migration pathways in crystalline rock by impregnation 
with 14C-polymethylmethacrylate. Journal of Contaminant Hydrology, vol. 13, 403-418.

[2] Robinet, J.-C., Sardini P., Coelho D., Parneix J.-C., Prêt D., Sammartino S. et al. (2012). Effects of mineral distribution at mesoscopic 
scale on solute diffusion in a clay-rich rock: Example of the Callovo-Oxfordian mudstone (Bure, France). Water Resources Research, 
vol. 48, 1-17.
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In recent years, the desertification is becoming a serious problem. Main reasons for this process are decrease in 
rainfall due to climate change, over-exploitation of timber resources, influence of grazing and deforestation of 
agricultural land. Desertification has caused various problems such as food shortage, increase in environmental 
refugees and decrease in biodiversity. Temperature responsive superabsorbent polymers, such as poly(N-isopropy-
lacrylamide) (abbreviated to PNIPAAm), are expected to be a solution for the problem of desertification. 

PNIPAAm is commonly utilized in the form of hydrogels that are obtained by copolymerization of NIPAAm 
with a chemical crosslinker such as N,N'-methylenebisacrylamide. The PNIPAAm-hydrogel is known to cause a 
volume phase transition at Tc ≈ 32 °C. The polymer absorbs water and forms hydrogel below Tc but releases water 
and shrinks above the temperature. It is considered to be possible to achieve humidity and temperature control 
by utilising such temperature sensitive property of PNIPAAm. However, the organic crosslinking hydrogels have 
some disadvantages, such as low mechanical strength and low optical transparency. Haraguchi showed that the 
disadvantages of the PNIPAAm hydrogel can be improved by polymerization of NIPAAm monomer by adding 
laponite without any other chemical cross-linker [1]. This is considered to be caused by the "soft" cross-linking 
formed by hydrogen bond between amide groups in PNIPAAm and clay surface. Previously, we reported that the 
amount of water absorbed of clay-PNIPAAm nanocomposites varies with the kind of clay minerals and its amount 
but the volume phase transition temperature Tc was little affected by them [2]. 

On the other hand, it is known that the Tc of the PNIPAAm hydrogel can be controlled by introducing a small 
amount of functional groups which have different polarity from NIPAAm. For example, higher Tc is achieved 
by copolymerization of NIPAAm with an ionic monomer, sodium acrylate (abbreviated to SA). In addition, the 
amount and rate of water absorption of the hydrogel are also progressed by introducing SA [3]. 

In this research, we tried to synthesize new nanocomposite gels consisting of a clay mineral and the co-
poly(NIPAAm-SA) polymer to achieve enhancement of the water absorbability. In addition, we investigated 
the volume phase transition temperature Tc and swelling characteristics at various temperatures of synthesized 
gels. The samples were synthesized by photopolymerization of the aqueous mixture containing a saponite-type 
synthetic clay (a reference clay of the Clay Science Society of Japan, JCSS-3501), NIPAAm and SA with differ-
ent SA contents in the range of the relative proportions of saponite: NIPAAm: SA=1: 1: 0 to 1: 1: 0.15 on weight 
basis. Homogeneous hydrogels were obtained for the each relative proportion. The transition temperature was 
determined from microscopic observation of the hydrogel-size with varying temperature. The rate and equilibrium 
amount of water absorption were determined by the time dependences of the weight of hydrogels immersing in 
water at constant temperature. 

The phase transition was observed around 32, 42, 50 and 53 °C for the gels with the relative proportion of SA = 
0, 0.005, 0.01 and 0.05, respectively, and it was not observed for SA = 0.10 below 96 °C, implying that Tc rises 
monotonically with increase of SA amounts. On the other hand, the swelling ratio W/W0 of the gels (where W0 
and W are weights of dried nanocomposite and equilibrium swelled gel, respectively) was mostly fixed and was 
11±3 below SA = 0.01 but it rapidly increased to 20 and 27 for SA proportions of 0.05 and 0.10, respectively. 
Each nanocomposite showed pseudo-first order absorption below Tc, but complex swelling behavior was observed 
above Tc in the hydrogels with high SA contents.

[1] K. Haraguchi (2007). Current Opinion Solid State Mater. Sci. 11, 47-54.
[2] Sato K., Yamamoto S., Ishimaru S. (2012). Bull. Chem. Soc. Jpn., 85, 1345-1350.
[3] Hua Yu, David W. Grainger . (1993). Applied Polymer. Sci. 49,1553-1563.



Scientific Research Abstracts
Vol. 7, p. 524, 2017
ISSN 2464-9147 (Online)
XVI International Clay Conference | ICC 2017 | Granada, Spain
© Author(s) 2017. CC Attribution 3.0 License

COMPARISON OF MICROSTRUCTURAL FEATURES OF COMPACTED, 
WATER SATURATED: MX-80 BENTONITE, SODIUM AND CALCIUM 
MONTMORILLONITES

miCHał matuseWiCz*, markus olin

VTT Technical Research Centre of Finland Ltd., Espoo, Finland

The repositories of spent nuclear fuel planned in several countries, including Finland, pose significant scientific 
challenges due to their extremely long lifespan. One of the materials proposed to be used in the Finnish repository 
is the MX-80 bentonite in compacted, water saturated form. As it is expected that the MX-80 in the repository 
will undergo the cation exchange process following the composition of the groundwater, the border cases of pure 
calcium and sodium montmorillonites were included in this study. The clays were studied at different dry densities 
between 0.7-1.6 g/cm3.

The structure of the water saturated, compacted clays was investigated using small angle x-ray scattering (SAXS), 
nuclear magnetic resonance (NMR), transmission electron microscope (TEM). Additionally, atomic force micro-
scope (AFM) was used to obtain size distribution of the montmorillonite platelets. The combination of information 
obtained from different methods, measuring platelet arrangement (SAXS, TEM), water properties (NMR) and 
platelet size (AFM), allows a good insight into the structure of the material.

The results clearly show the difference in the structure of compacted MX-80 and pure montmorillonites caused by 
the purification process, but also between montmorillonites with different exchangeable cations. This is important 
in case of the repository where sodium bentonite is used and is expected to change its compensation cation com-
position during the repository lifetime.

[1] Matusewicz, M., Pirkkalainen, K., Liljeström, V., Suuronen, J.P., Root, A., Muurinen, A., Serimaa, R., Olin, M. (2013). Microstructural 
investigation of calcium montmorillonite. Clay Minerals, 48(2), 267-276.

[2] Muurinen, A., Carlsson, T., Root, A. (2013). Bentonite pore distribution based on SAXS, chloride exclusion and NMR studies. Clay 
Minerals, 48(2), 251-266.



Scientific Research Abstracts
Vol. 7, p. 525, 2017
ISSN 2464-9147 (Online)
XVI International Clay Conference | ICC 2017 | Granada, Spain
© Author(s) 2017. CC Attribution 3.0 License

TEXTURAL CHARACTERIZATION AND INTERPRETATION OF Fe-RICH 
MICROSPHERES IN HOLOCENE CONTINENTAL SEDIMENTS

maría josé mayayo*, alfonso yuste, arantxa luzón, arsenio muñoz, antonio pérez, maría 
asunciÓn soriano

IUCA - Departamento de Ciencias de la Tierra, Universidad de Zaragoza, Spain

The aim of this work is to characterize Fe-rich microspheres occurring in Holocene sediments from the Martín 
River (NE Spain). Recent research has focused on Fe-microspheres, similar to those described in this work, in re-
lation to their probable microbially-mediated origin and the search of life in other planets, such as Mars (e.g. [1]).

A sedimentary section located in the medium reaches of the Martín River (Teruel, Spain) has been studied. It con-
sists of alluvial and fluviolacustrine Holocene materials. The sedimentary system was fed by surficial waters and 
by highly mineralized (calcium-magnesium sulphate-bicarbonate) groundwater from the Baños de Ariño spring. In 
the section (17 m-thick) five lithofacies have been distinguished [2]: gravel, sand, mudstone, marl and tufa. Fe-rich 
microspheres have been identified in sand and marl lithofacies, related to paleofloods. Sands are orange and were 
deposited by unidirectional currents referred to the Martín River course. Marls are grey and contain abundant coal 
fragments, vegetal remains and root traces; they were deposited by settling in the floodplain. X Ray Diffraction 
(XRD) studies have shown that in both sands and marls calcite is the main phase, coupled by quartz and phyllosil-
icates, the latter more abundant in marls. In the fine fractions, illite and kaolinite have been identified as the main 
clay minerals. Some samples also showed the presence of lepidocrocite.

The size of the microspheres, as observed by Field Emission Scanning Electron Microscopy (FESEM), varies 
from 4 to 30 µ, with an average value of 12.4 µ. Energy Dispersive Spectroscopy revealed that the microspheres 
are composed only by O and Fe; no S has been detected. Following the observable surficial structure of these 
microspheres, three different patterns have been distinguished: i) spherical aggregates composed by skeletal oc-
tahedral crystals of approximately 1 µm, probably by replacement and dissolution of former pyrite octahedra; ii) 
spherical aggregates made up of subhedral equidimensional crystals with morphologies close to polyhedra and 
sizes <0.5 µm, composed by planar anhedral nanoparticles arranged face to face; iii) spherical aggregates show-
ing an internal structure composed by subspherical morphologies 2-2.5 µm in diameter and covered by acicular 
or lens-shaped nanocrystals that in some zones appear to have radial distribution. In addition, organic structures 
have been observed in close relationship with the microspheres. These include random clusters of ring-shaped 
structures frequently covering the Fe-rich microspheres, and chains of subspherical elements. In some cases, the 
microspheres are nearly covered by a coating of small ellipsoidal capsules (<1 µm), most of them collapsed or 
perforated. Furthermore, a C-rich soft pliable tissue coating the Fe-rich microspheres surface and fitting the crys-
tals has been observed. These structures are comparable to existing bacterial colonies and extracellular polymeric 
substances produced by bacteria, including Leptospirillum ferrooxidans, which has high capacity to break down 
the pyrite lattice and oxidize Fe2+ to Fe3+. 

In view of the above data, we interprete the observed Fe-rich microspheres as framboids and that they were pyrite 
framboids in origin. Taking into account the presence of coal and vegetable matter in the samples and their close 
relationship to bacterial signatures, we consider very probable that the transformation of former pyrite framboids 
into Fe oxides and oxyhidroxides, and even their primary formation, took place through microbial mediation, as 
[3] and [4] among others have proposed for similar situations.

[1] Blanco A., Bolaños U, Lizárraga L., Hernández J., Ángeles S, Ambrocio S.P., González M.R. (2013). Microscopic evidences of re-
placement of iron sulfide by iron oxide in macro fossils: a useful tool for the search of life in Mars? 44th Lunar and Planetary Science 
Conference, 2956.

[2] Muñoz A., Pérez A., Mayayo M.J., Luzón A., Yuste A., Soriano M.A. (2016). Estudio sedimentológico y mineralógico de los depósitos 
aluviales y fluvio-lacustres holocenos de los Baños de Ariño (Cordillera Ibérica, NE de España). Geo-Temas, 229-232.

[3] Cavalazzi B.; Barbieri R., Cady S.L., George A.D., Gennaro S., Westall F., Lui A., Canteri R., Rossi A.P., Ori G.G., Taj-Eddine K. (2012). 
Iron-framboids in the hydrocarbon-related Middle Devonian Hollard Mound of the Anti-Antlas mountain range in Morocco: Evidence of 
potential microbial biosignatures. Sedimentary Geology, 183-193.

[4] Sawlowicz Z. (2000). Pyrite framboids and their development: a new conceptual mechanism. Praze Mineralogiczne, 88 pp.
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Clay minerals represent one of the most abundant minerals group in geothermal systems, widely used as indicators 
of physic-chemical conditions, isotope tracing, age and evolution of the heat-flow fields. The central volcanic An-
des zone (CVAZ) constitutes an active volcanic environment, with structural settings propitious for the formation 
of geothermal systems, with heat-flow density values between 50-180 MW/m2 in the active magmatic arc and the 
Altiplano [1]. The Cerro Pabellon Project, located to 100 km of Calama in the CVAZ, whose production activi-
ties beginning is planned for March 2017, constitutes the first geothermal power plant of South America, with a 
production of 50 MW and an expected increment to 100 MW. The volcanic belt in this region is characterized by 
eruptive centres with polygenetic volcanoes of Quaternary age [2], where stratovolcanoes of (Apachecha-Aguilu-
cho) a rhyolitic dome (Cerro Pabellón) could be distinguished. This region is framed within a graben structure with 
NW-SE orientation and an extension of ~100 km2. In the central graben region, and linked with the rhyolitic dome, 
hydrothermal manifestation was not recognized. In the NW and SE sectors and associated with fractures oblique 
to the graben orientation, surface hydrothermal alteration with a small zone of fumarolic steam near Apacheta 
volcano crater was identified. In this abstract we present preliminary characterization studies of the hydrothermal 
alteration minerals. XRD analyses of whole rock powder and clay fraction from the present-day fumarolic zone, 
surface alteration zones and altered rock core were carried out. The fumarolic zone (~80 °C), contain opal, native 
sulphur, ferrihydrite accompanied of cristobalite and pyrite, while in the clay phases kaolinite-dickite mixture, 
smectite and vermiculite were recognized. The surface alteration zone, with whitish-yellowish coloration, con-
tains quartz and alunite as main minerals with smaller proportion of relict plagioclase, while in the clay phases 
kaolinite-dickite mixture dominates. The surface alteration zone, the greyish coloration, quartz, heulandite and 
calcite with relict plagioclase were identified, while in the clay phases vermiculite and smectite dominates. The 
rock core, near the rhyolitic dome, contains plagioclase and pyroxene as main minerals, while in the altered rock 
quartz, calcite, heulandite and montmorillonite predominates. In the fumarolic zone, the kaolinite-dickite-sulphur 
association reflects a heated vapors environment, including acid sulphide-enriched vapors. The kaolinite-dick-
ite-alunite mineral assemblage is likely related with old effusive center of fluid acidic-sulphate composition and 
oxidizing conditions, indicating an estimated temperature ~120 °C. The heulandite-calcite-smectite association 
could be associated with fluids of neutral-alkaline composition, with estimated temperature ~90 °C. The mineral 
assemblage of the altered rock core reflects similar fluid composition, with the montmorillonite representing the 
cap rock composition and show the development of secondary permeability. The fault associated with the graben 
structure represents an important regional constrain in the formations geothermal resource in ZVAC. The cap rock 
constitutes a high efficiency lithological control, favoring the fluid migration in a lateral outflow system within 
the Cerro Pabellon Proyect and without surface hidrothermal manifestation in a blind thermal system. The faults, 
oblique to the graben structures, exert a secondary control favoring fluid migration as an upflow system, which 
produce hydrothermal manifestations and fumaroles. We are grateful to the “Fondap-Conicyt project 15090013”, 
which support our research projects.

[1] Springer M., Forster A. (1997). Heat-flow density across the Central Andean subduction zone.Tectonophysics 291, 123-139.
[2] Ramírez, C., Huete, C. (1981). Carta Geológica de Chile, Hoja Ollagüe. Escala 1: 250.000. Carta n°40.Instituto de Investigaciones-

Geológicas, Santiago, Chile.
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paulina maziarz*, jakub matusik

(1) Department of Mineralogy, Petrography and Geochemistry, Faculty Of Geology, Geophysics and Environmental 
Protection, AGH University of Science and Technology, al. Mickiewicza 30, Krakow, 30 059, Poland 
*pmaziarz@agh.edu.pl

Adsorption plays an important role in water purification methods, both in the field of industry and environmental 
protection. Since adsorption processes often proceed in aqueous solutions, the methods of solid-liquid separation 
are important and thus constantly developed. Recently, a great attention is focused on synthesis and application 
of adsorbents possessing magnetic properties which facilitate their separation from wastewater. In present study 
Fe3O4 nanoparticles were synthesized and simultaneously deposited on halloysite (H) and synthetic layered dou-
ble hydroxide (LDH) surface in order to prepare magnetic adsorbents. The resulting materials were characterized 
using X-Ray Diffraction (XRD) and Fourier Transform Infrared Spectroscopy (FTIR). Their potential to remove 
As(V) from aqueous solutions was investigated in detail.
The preparation of synthetic Mg2+/Al3+ LDH was in accordance with previously reported procedures [1,2]. The 
Fe3O4 nanoparticles were synthesized on the H or LDH surface via co-precipitation method [3]. The mass ratio of 
Fe3O4 to H or LDH phase was 10% (HFe10, LFe10) and 25% (HFe25, LFe25). The adsorption of As(V) was con-
ducted for initial concentrations (Cin) set from 0.1 to 25.0 mmol/L and pH equal to 5.0± 0.2. The solid/solution ratio 
was 20 g/L. The Langmuir and Freundlich models were employed to quantitatively describe the As(V) uptake.
The XRD analysis of LDH revealed characteristic d values of 7.70 Å, 3.82 Å, 2.60 Å, 1.53 Å and 1.49 Å, which 
confirmed the successful synthesis. The reflections corresponding to magnetite were found in the XRD patterns 
of resulting magnetic composites. This indicated that iron nanoparticles were loaded on LDH and H surface. The 
FTIR bands at 1360 cm-1 allowed to identify CO3 anions in interlayer space of LDH. After coating with Fe3O4 
the additional bands at 1110 cm-1 and 620 cm-1 were observed, which indicated the presence of SO4 anions. Their 
presence in the interlayer space, was related to iron(II) sulfate reagent used in Fe3O4 synthesis. XRD revealed that 
the presence of SO4 anions caused an increase of LDH basal spacing to 8.80 Å.
The LDH and LFe10 samples exhibited maximum adsorption capacity at Cin of 25 mmol As/L equal to 1294 and 
1062 mmol As/kg, respectively. The lowest adsorption capacity was observed for the LFe25. However the adsorp-
tion value of 907 mmol As/kg is still very high and promissing. The adsorption experiments on halloysite-based 
adsorbents revealed, that coating with Fe3O4 positively influenced their adsorption properties toward As(V). The 
results showed, that the HFe10 composite exhibited the highest adsorption ability with a maximum adsorption ca-
pacity of 151 mmol As/kg. This adsorption value was about 2.5 times higher than that of H sample, which was found 
to be equal to 58 mmol As/kg. For the HFe25 sample, the adsorption capacity of 121 mmol As/kg was determined. 
These results indicated the formation of additional active sites which promoted the sorption affinity of As(V) in 
comparison to the H sample. For both H and LDH based adsorbents the equilibrium pH decreased with increasing 
anion concentration, which can result from the anions deprotonation during their uptake. The experimental adsorp-
tion data followed the Langmuir isotherm model, with correlation coefficient R2>0.99. The exception was for LDH 
where the experimental data were fitted to Freundlich model with R2=0.90. The As(V) removal by LDH was via 
ion-exchange mechanism while in the case of H sample complexation at the particles edge was dominant.
The results proved that the effect of Fe3O4 on adsorption processes is highly dependent on the type of mineral sup-
porting phase. The explanation of this behavior requires further studies. However, the study results indicated that 
the synthesis of Fe3O4 on layered minerals surface, allowed not only to obtain magnetically separable adsorbents 
but also can positively influence their potential of As(V) removal.

This project was supported by the National Science Centre, Poland under research project awarded by decision No. DEC-2016/21/N/
ST10/00390.

[1] Ulibarri, M.A., Pavlovic, I., Barriga, C., Hermosin, M.C., Cornejo, J. (2001). Adsorption of anionic species on hydrotalcite-like com-
pounds: Effect of interlayer anion and crystallinity. Applied Clay Science, 18, 17-27.

[2] Grover, K., Komarneni, S., Katsuki, H. (2010). Synthetic hydrotalcite-type and hydrocalumite-type layered double hydroxides for arse-
nate uptake. Applied Clay Science, 48, 631-637.

[3] Xie, Y., Qian, D., Wu, D., Ma, X. (2011). Magnetic halloysite nanotubes/iron oxide composites for the adsorption of dyes. Chemical 
Engineering Journal, 168, 959-963. 
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DEVELOPMENT OF GEOPOLYMER-ZEOLITE COMPOSITES
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Geopolymer-zeolite composites were produced mixing different geopolymer matrices with a synthetic commercial 
zeolite. 

Metakaolin was selected as the main precursor for the geopolymer matrix, because it is the ideal material for the 
production of geopolymers due to the high reactivity and purity, compared to other starting raw materials as fly 
ashes and natural clays. 

A potassium or sodium silicate activating solution was used for the geopolymerization process and the commercial 
zeolite Na13X was used as filler. 

The microstructure of a metakaolin-based geopolymer consists of nano-particulates separated by micro- and mes-
opores [1,2]. Moreover, geopolymers can be regarded as the amorphous counterpart or precursor of crystalline 
zeolites. Indeed, the final geopolymer structure consists of an amorphous network of SiO4 and AlO4

- tetrahedral 
units connected by oxygens and charge-balanced by hydrated alkali cations, while zeolites are crystalline hydrated 
aluminosilicates with 3-dimensional structures. 

The substitution of Al3+ for Si4+ results in negatively charged aluminosilicate lattice for both the materials, that 
needs to be balanced by extra-framework cations (generally Na+, K+ and Ca2+), resulting movable and exchange-
able by other metal ions. 

Since zeolite is partially reactive in alkaline medium [3], the production process and the synthesis parameters were 
investigated to limit the reaction of the zeolite. 

In fact, the main goal of the study was to combine the peculiar and defined microporosity of zeolite with the meso- 
and macroporosity of the geopolymer matrix, together with the possibility to consolidate the zeolite powder. Ac-
tually, the requirement of supporting or shaping powdery zeolites is important for industrial applications and often 
the manufacturing and assembling of supports and zeolites add complexity and cost to the final product.

Because of the high accessibility of pores, these porous composites with 3-dimensionally interconnected and dis-
tributed open pores, may be used as catalyst, filters and sorbents, furthermore, zeolites, and in particular zeolite X 
are largely used for the CO2 gas adsorption [4]. 

The selected composites were deeply characterized in term of microstructure, mineralogical composition, porosity 
and specific surface area, together with the ability to adsorb CO2, in order to highlight one of the possible func-
tional properties of the new material.

[1] Davidovits J. (2008). Geopolymers Chemistry and Applications, Institut Geopolymere, Saint-Quentin, France.
[2] Kriven W.M., Bell J.L., Gordon M. (2013). Microstructure and microchemistry of fully-reacted geopolymers and geopolymer matrix 

composites. Ceramic Transaction 153, 227-250.
[3] Alshaaer M., Zaharaki D., Komnitsas K. (2015). Microstructural characteristics and adsorption potential of a zeolitic tuff-metakaolin 

geopolymer. Desalination and Water Treatment 56, 338-345.
[4] Sayari A., Belmabkhout Y., Serna-Guerrero R. (2011). Flue gas treatment via CO2 adsorption. Chemical Engeenering Journal 171, 760-

774.



Scientific Research Abstracts
Vol. 7, p. 529, 2017
ISSN 2464-9147 (Online)
XVI International Clay Conference | ICC 2017 | Granada, Spain
© Author(s) 2017. CC Attribution 3.0 License
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aran khristian a. mEndoza*, carLo a. arciLLa

Earth Materials Science Laboratory, National Institute of Geological Sciences, University of the Philippines, Diliman, 
Quezon City, Philippines, 1101 
*arankhristian.mendoza@gmail.com

Ceramics are more commonly used as pottery products in the Philippines. The ceramic industry might be greatly 
improved when sufficient feasibility studies about potential usage of clay materials, both local and global will be 
conducted. For this study, clay materials collected from Sagada, Mountain Province were examined to characterize 
and determine its potential application in the production of ceramics in the Philippines. Three stages of analyses 
on the clay materials were done: Mineralogically, chemically, and physically. Mineralogical characterization was 
done using X-ray diffraction, Fourier transform infrared spectroscopy, and thermal evolution of clay minerals when 
fired up to 1000 °C. Chemical characterization was done using X-ray fluorescence spectrometry while physical 
characterization was done using the plasticity analysis. The sample chemically shows high contents of SiO2, Al2O3, 
and Fe2O3. Chemical composition revealed possible concentration of quartz and smectite in the samples, verified 
using the X-ray diffraction. X-ray diffraction showed peaks of smectite (15.55 Å) and quartz (3.35 Å, 4.25 Å, and 
1.18 Å). To determine if clay materials have characteristics of good ceramic raw, these clays were fired from 900 
°C to 1150 °C. Once fired, the fired product was subjected to different analysis to determine its linear shrinkage, 
water absorption, and bonding strength. The result of this study may contribute to the development of ceramics 
for not only the pottery industry but for the benefit of the whole business industry. The study has implications on 
the development of the local ceramic industry as it distinguishes some potential source location of clay materials. 

[1] Harvey, C.C., Murray, H.H. (1997). Industrial clays in the 21st century: A perspective of exploration, technology and utilization. Applied 
Clay Science 11, 285-310.

[2] Mahmoudi, S., Bennour, A., Meguebli, A., Srasra, E., Zargouni, F. (2016). Characterization and traditional ceramic application of clays 
from the Douriet region in South Tunisia. Applied Clay Science 127-128, 78-87.

[3] Murray, H.H. (2000). Traditional and new applications for kaolin, smectite, and palygorskite: a general overview. Applied Clay Science 
17, 207-221.

[4] Nkoumbou, C., Boulingui, J.E., Njoya, D., Thomas, F., Yvon, J. (2015). Characterization of clays from Mezafe and Mengono (Ne-Liber-
ville, Gabon) for potential uses in fired products. Applied Clay Science 115, 132-144.
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Gran Canaria Island, a hotspot-derived intraplate oceanic island, holds a variety of alkaline felsic volcanic rocks 
(e.g. phonolites, trachytes and rhyolites) consisting of lava and pyroclastic flows, dykes and domes, subsequent-
ly linked to the development of weathering paleosoils profiles, comprising both preserved B and C (saprolite) 
horizons. These felsic bedrocks are associated with magmatic Miocene activity of the Tejeda caldera (14.1 - 7.3 
Ma) and the Roque Nublo Pliocene stratovolcano (5.5 - 2.9 Ma). Three weathering profiles were collected and 
analysed for geochemistry (i.e.: FUS-ICP, FUS-MS, TD-ICP, INAA) and mineralogy (petrographic microscopy; 
XRD; SEM-EDX) in order to assess both the concentration and mobility of rare-earth elements (REE), aiming to 
find in these weathering profiles a variety of secondary minerals, mainly dominated by REE-bearing species [1]. 
REE underpin a broad range of emerging technologies in green energy as efficiency enhancement of solar cells and 
artificial photosynthesis H2 generation [2], in line with EU Raw Materials Initiative in H2020. 

In regards to resulting datasets, the concentration averages of REE in Miocene alkaline bedrocks varied for tra-
chytes (449 ppm), rhyolites (588 ppm) and phonolites (828 ppm). REE are enriched in saprolites of trachytes (480 
ppm) and rhyolites (1584 ppm), but depleted in phonolites (388 ppm). Light REE values are an order of magnitude 
greater than Heavy REE and chondrite-normalised REE plots show the same trend. The phenocrystal proportions 
in these volcanic bedrocks ranged from 10-30%, while the rest is vitreous and microcrystalline mass. In the rhy-
olitic saprolite we identified 40 wt% albite, 33 wt% hornblende, 18 wt% smectite (nontronite), 7 wt% hematite, 
2 wt % quartz and minor proportion of crystalline and powdery phosphate-silicates observed by SEM-EDX (Fig 
1a-b). These minerals were concentrated in Ce (Fig1c-d). We interpret them as secondary phosphates with Si and 
Al substitutions (e.g.: collophane, frankolite) or/and secondary silicates with P and Ca substitutions (e.g.: allanite).

Fig. 1. SEM images (a,b) and EDX spectra (c,d) of the REE-enriched phosphates from trachyte-derived (a,c) and Mn-crust of rhyolite-derived 
(b,d) saprolites.

[1] Dill H.G., Fricke A., Henning K.-H. (1995). The origin of Ba and REE-bearing aluminium-phosphate-sulphate minerals from the 
Lohrheim kaolinitic clay deposit (Rheinisches Schiefergebirge, Germany). Applied Clay Science 10, 231-245.

[2] Wondraczek L., Tyystjävi E., Méndez-Ramos J., Müller F.A., Zhang Q. (2015). Shifting the Sun: Solar Spectral Conversion and Extrinsic 
Sensitization in Natural and Artificial Photosynthesis. Advanced Science 2, 1500218.
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The Northern Steep Slope is located in the northern margin of Dongying Sag, and it is showed as two steps under 
the control of Chennan fault and Shengbei-Tuo94 fault. Alluvial fans, fan deltas, near shore subaqueous fans, and 
turbidite fans are regularly distributed and well developed in research area. The main objectives of this study were 
to identify diagenetic products caused by infiltration of meteoric water, conclude the distribution model of those 
diagenetic products, and summarize the effects of those diagenetic products on reservoirs evolution during burial 
process. The solution of those questions would be useful to predicate of deep burial reservoirs in petroliferous 
basins. In order to achieve the aim, 224 samples, which from 37 wells in research area, were collected for stained, 
and casting (blue) thin sections and SEM based on sedimentary, tectonic characteristics, and core observation. The 
results show that: (1) the percolating clays, dissolution and kaolinization of aluminosilicate minerals, cementation 
of authigenic kaolinite and dolomites were caused infiltration of meteoric water. (2) Those diagenetic product 
regularly distributed in sandstones of different sedimentary facies. (3) The percolating clays mainly distributed 
in the sandstones of alluvial fans, fan delta plain, and fan delta front. The percolating clays could form relatively 
complete claddings on the surface of particles. Dissolution and kaolinization of aluminosilicate minerals mainly 
distributed in the sandstones of pro-fan delta and root fan of nearshore subaqueous fans. Cementation of authigenic 
kaolinite and dolomites were mainly distributed in the sandstones of middle fan of nearshore subaqueous fans and 
turbidite fans. (4) The occurrence of percolating clays prevented the diagenetic process during burial process. The 
primary pores were well preserved and no secondary pores aroused. The dissolution and kaolinization of alumino-
silicate minerals greatly declined the compaction resistance of sandstones. The physical properties of sandstones 
were greatly declined during burial processes, less pores were remained. The cementation of authigenic kaolinite 
filled in primary pores, without later reformations. The cementation of dolomites greatly improved the compaction 
resistance of sandstones and could be dissolved during burial process. During burial process the dissolution of 
dolomites led to the improvement of physical properties for sandstones.
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In general, the porosity of sandstones declined with the increasing of depth and ground temperature in continuous 
sedimentary strata. The dissolution of unstable minerals is the main reason for the arising of high-porosity zone in 
the deep of petroliferous basins. Predecessors debate on that whether the dissolution and kaolinization of feldspars, 
which are well developed in sandstones, would lead to the formation of considerable secondary pores. Authigenic 
kaolinites, which are main diagenetic product result from the transformation of feldspars, maybe can be used to 
deduce the transformation of feldspars during diagenetic processes. Based on this assumption, Sandstone samples 
in Dongying Sag are collected for microscope, SEM, EDX and CL. Research results show that there are mainly 
two kinds of kaolinite. The first kind kaolinite has perfect crystal form, it appears in scaly-vermiform shape under 
single polar and the tightly packed aggregate of kaolinite occurs as vermiform or booklet under SEM. The crystal 
form of the second kind kaolinite is not as perfect as the first, and the aggregation appear as feldspar particles. 
Under the SEM some laminae is curved and the aggregate of kaolinite occurs as accordion which is packed loose-
ly. The first kind authigenic kaolinites have pure elements (just Al, Si and O). On the contrary, the second kind 
authigenic kaolinites have K(av.1.01%), Fe (av.1.89%), except from Al, Si and O. The first kind of authigenic 
kaolinites distributed in the depth of 1700m~3600 m, mainly distributed in the depth of 2500~3000 m, with 80-
120 °C ground temperature. The second kind authigenic kaolinites distributed in the depth of 2700 m ~3600 m, 
mainly distributed in the depth of 2900~3300 m, with 110-140 °C ground temperature. Within the depth of the first 
kind authigenic kaolinites, the feldspars are dissolved and the secondary pores are unfilled, the carbonate cements 
are well preserved. Within the depth of the second kind authigenic kaolinites, the feldspars are transformed into 
kaolinites and no secondary pores formed, the carbonate cements are dissolved to form secondary pores. In the 
process of the formation of first kind kaolinites, organic acids formed and well preserved. Under this situation, the 
complexing effects of organic acids greatly increase the solubility of Si and Al. All of those lead the Si and Al can 
migrate for a long distance and precipitated as kaolinites in right place. In the process of the formation of first kind 
kaolinites, organic acids transformed to CO2, the solubility of Si and Al greatly declined. Under this situation, the 
feldspars are transformed to kaolinites, which aggregation appear as feldspar particles.
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Studies of ancient pottery, particularly extraction of information on ceramic processing methods, benefit from 
quantitative mineralogical information coupled with an understanding of phase transformations. Several authors 
have applied powder X-ray diffraction (XRPD) methods to ceramic materials [1-3] to determine quantitative 
mineralogical information on final ceramic products. These data were also used to draw the paths of pyrometamor-
phic reactions in ceramic materials, providing insight into the technological skills of ancient craftsmen. However, 
to-date this approach has not been applied to a full suite of archaeological materials related to different stages of 
the ceramic production (clayey raw material; temper; unfired, fired and overfired potteries), probably this suite 
of materials used in the production of ceramics in the same site were unavailable. This is one of the most out-
standing aspects of the recent archaeological discovery in Via Dei Sepolcri in Pompeii. Here, a team of French 
and Italian archaeologists unearthed an ancient workshop that was active until a few of hours before the 79 AD 
eruption, revealing structures and ceramics that trace the production cycle from raw material procurement to firing 
conditions. The workshop in 79 AD produced thin-walled pottery, a ceramic class widespread on Roman tables 
during the Republican period, and production of this ceramic class also existed in Vesuvius environs (Pompeii and 
Herculaneum). We collected 35 samples at this site, consisting of two clay bodies, one temper, 13 unfired, 13 fired, 
and six overfired samples of pottery. Quantitative PXRD evaluation was performed using Rietveld-RIR methods 
determining both crystalline and amorphous phases for all samples; the RIR approach employed profile fitting, 
which included the quantification of compounds with partial or unknown crystal structure.

The temper, consisting of a locally occurring volcanic sand, contained abundant clinopyroxene and feldspar, with 
lower amounts of calcite, quartz, illite, analcime, hematite, and amphibole. An amorphous phase (likely volcan-
ic glasses) also occurs. The mineralogy of unfired samples is identical to that of clay bodies, both representing 
the required mixture of clayey raw material and volcanic grains added as temper (up to ~ 10%). They contained 
primarily poorly ordered phases (smectite, illite, kaolinite, chlorite) up to 35 wt.%, along with quartz, feldspars, 
calcite, clinopyroxene, and an amorphous component, the latter from the addition of volcanics. 

Fired vessels lacked smectite, chlorite, and kaolinite, all of which broke down upon firing, thereby increasing the 
amorphous components (up to 59 wt.%). Quartz and feldspar persisted, whereas, calcite increased from ~ 25% 
to 10 wt% in unfired to fired samples, respectively. Clinopyroxene increased from ~8% to 25%. The absence of 
gehlenite, a typical newly formed phase in high-CaO clayey raw materials (CaO ranges from 10 to 18 wt%), is 
noteworthy [4]. Hematite is present in low amounts.

XRD data for overfired samples revealed a marked increase in feldspar and clinopyroxene contents, counterbal-
anced by a decrease in calcite (present only in trace) and the highest amount (62%) of amorphous components. The 
occurrence of hercynite indicates the presence of a reducing atmosphere in the furnace.

Quantitative mineralogical data for the materials from this unique archaeological site, where it was possible to 
collect ceramic materials along with their unfired counterparts, shed new light into the firing dynamics of these 
potteries by precise evaluation of phase transitions and amorphous phase development.

[1] Gualtieri A.F., & Zanni N. (1998). Quantitative determination of crystalline and amorphous phases in traditional ceramics by combined 
Rietveld-RIR method. Materials Science Forum, Vols 278-281, 834-839.

[2] Rathossi C. & Pontikes Y. (2010). Effect of firing temperatures and atmosphere on ceramics made of NW Peloponnese clay sediments. 
Part I: Reaction paths, crystalline phases, microstructure and colour. Journal of the European Ceramic Society, 30, 1841-1851.

[3] Allegretta I., Pinto D., & Eramo G. (2016). Effects of grain size on the reactivity of limestone temper in a kaolinitic clay. Applied Clay 
Science, 126, 223-234.

[4] Grifa C., Cultrone G., Langella A., Mercurio M., De Bonis A., Sebastián E., Morra V. (2009). Ceramic replicas of archaeological artefacts 
in Benevento area (Italy): Petrophysical changes induced by different proportions of clays and temper. Applied Clay Science, 46, 231-240.
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Deep geological repository (DGR) is one of the internationally accepted options to dispose radioactive wastes. 
Bentonite formations from Almeria, Spain, were selected as reference material for artificial barriers for the future 
Spanish repository. However, the safety of this long-term disposal could be compromised not only by physico-
chemical factors but also by microbial processes. To simulate a scenario where the mobilization of uranium from 
the repository to the host formations may occur, long-term microcosms were studied. After being treated with 
uranyl nitrate for 5 months the response of the bentonite microbial community to the addition of this radionuclide 
was evaluated. High throughput 16S rRNA gene sequencing revealed that the structure of the microbial commu-
nity after the uranyl treatment differs to that of the control microcosms. The microbial diversity was dominated by 
Firmicutes and Proteobacteria. Moreover, after the uranyl nitrate treatment Paracoccus and Bacillus were highly 
enriched. The effect of uranium in the microbial diversity described in this work should be incorporated into a 
reactive transport modelling to evaluate the performance of the engineered barrier system for future DGR. Further 
analyses are required to fulfil the knowledge about the metabolic potential of the microorganisms involved in the 
uranium bioprecipitation for future DGR. 
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Aquatic ecosystems are precious ecological resources that cover almost 70% of the earth’s surface, and are key 
targets of European resource management policies. Coastal zones offer many advantages in terms of fishing, mari-
time transport and tourism. These reasons explain why about 3 billion people live within 200 km of coastline; this 
represents almost half of the world’s population. The continuous augmentation of anthropogenic activities (urban-
ization, industrialization, agriculture) is associated with a strong expansion of contaminant releases (organic and 
inorganic) into the aquatic environment. Over time, these free contaminants can undergo transformations and ad-
sorb on clays and fine sand particles that make up marine sediments [1]. Sedimentation has become a real problem 
for the infrastructures of ports. Deposited in large quantities in waterways (harbors, access roads, estuaries, canals 
and rivers), the sediments interfere or prevent the movement of vessels. The benefit reuse of dredged sediments 
is a very interesting challenge which is part of the sustainable development policy, aiming both at the release of 
materials impeding port activity and the exploitation of these resources (sediments) in several fields consuming 
earth materials.

The aim of this work is to investigate how dredged and deposited sediments of the estuary and port areas can 
be used as an alternative raw materials for the heavy clay industry, and so reducing the dredging activities. The 
characterization of these sediments in their raw state shows that their chemical and mineralogical compositions 
are fairly close. Moreover, their low content of clay minerals (6.6%) and their high carbonate (25.2%) content 
constituted a limitation to the use in ceramic industry.

The geochemical analysis reveals that major elements of sediment samples are mainly composed of silica (50.2%) 
and carbonate (25.2%). The technical properties such as rheological parameters, have been investigated and tests 
were conducted in the objective to demonstrate the extent to which sediments provide assets to suit the heavy clay 
industry. 

Keywords: dredged sediments, benefit reuse, raw material, heavy clay, geochemical, mineralogy.

[1] Depledge, M.H. and T.S. Galloway (2005). Healthy animals, healthy ecosystems. Frontiers in Ecology and the Environment 3, pp: 251-
258.
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The Camaquã Mines (consisting of the Uruguay, São Luiz and Santa Maria Mines) are former producers of Cu, Pb 
and Zn. They arelocated on the southern edge of Brazil (in the Sul-Rio-Grandense Shield region) in the Camaquã 
Basin (Neoproterozoic to Early Paleozoic volcano-sedimentary deposits) (Paim et. al. 2000). The Camaquã Mines 
region is classically known as the “BomJardim Window” and has been the subject of many studies. The latest-
studies indicate that the Camaquã Mine may be considered as a hydrothermal- epithermal type deposit, resulting 
of a mixture of a magmatic fluids and meteoric waters, and a temperature varying from 350 to 80 °C (Renac et. 
al., 2014). Mineralization occurs in faults and as disseminations in the sandstones and conglomerates of the Santa 
Bárbara Group of this Basin. The sulfides of Cu present include the paragenesis composed of chalcopyrite, borni-
te, chalcocite and pyrite, with Au and Ag appearing as the main byproducts (Laux et. al., 2005). The presence of 
a conglomerate with zoned pebbles of granitic composition resulting from the hydrothermal alteration processes 
acting on these rocks is highlighted in the Uruguay Mine. Samples from these pebbles were collected from drill 
cores and analyzed by petrography, x-ray diffraction and scanning electron microscopy. They show hydrothermal 
alteration of illitic composition, mainly in the innermost portion of the pebbles. Thus, in 4 samples collected from 
different boring depths, different particle-size fractions were separated (<0.1, <0.2, <0.3, >0.1<0.4, <0.4 µm). All 
this particle-size fraction were analyzed with x-ray diffractionwhere it was identified 1Mt illites, which according 
to Drits & McCarty 1996 can be hydrothermal or diagenetic origin, characterizing a temperature lower than 280 
°C. It is compatible with the existing hydrothermalism proposals for the region. These fractions, which were rich in 
illite, were dated by the 40K-40Ar method, and different ages were obtained (507.41 ± 10.37, 486.74 ± 9.96, 466.23 
± 9.54, 465.92 ± 9.48, 396.84 ± 8.1 and 250.61 ± 5.38 Ma), resulting in the recognition of the following three age 
groups:

- 507.41 ± 10.37 to 465.92 ± 9.48 (Cambro-Ordovician),

- 396.84 ± 8.1 (Devonian),

- 250.61 ± 5.38 (Triassic). 

The first group was related to the hydrothermal processes generating the ore in the region, showing ages consistent 
with existing geochronological data. The second and third groups were interpreted as records of tectonic activity 
marked by the faulting existing in the entire region or the reactivation of these faults. It is mainly a response to a 
burial process suffered by the Paraná Basin (north area). These findings demonstrate that 40K-40Ar dating of hydro-
thermal illites results in data that are significant for the interpretation of mineralized regions.

[1] Laux, J.H., Lindenmayer, Z.G., Teixeira, J.B.G., Neto, A.B. (2005). Ore genesis at the Camaquãcopper mine, a Neoproterozoic sedi-
ment-hosted deposit in southern Brazil. Ore Geol.Rev. 26, 71-89.

[2] Paim P.S.G., ChemaleJr.F. & Lopes R. (2000). A Bacia do Camaquã [The Camaquã Basin]. In: Holz, M. & De Ros, L.F. (Ed.), Geologia 
do Rio Grande do Sul. Porto Alegre, Editora UFRGS.

[3] Renac C., Mexias A.S., Gomes M.E.B., Ronchi L.H., Nardi L.V.S., Laux J.H. (2014). Isotopic fluid changes in a Neoproterozoic porphy-
ry-epithermal system:The Uruguay mine, southern Brazil. Ore Geology Reviews 60, 146-160.
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Seival Mine copper deposits [4] are hosted by a Neoproterozoic sequence of volcanic rocks included in the Lavras 
do Sul Shoshonitic Association, Hilário Formation, in the post-collisional Camaquã Basin. Field and drill-core 
samples consist of pyroclastic, vesicular lava, porphyritic lavas and andesitic dikes with apparent preserved mag-
matic minerals and altered ones described as post-magmatic albitization and meteoric-hydrothermal alteration [2]. 
Whit this premise, the chemical compositions of minerals were determined in thin sections by electron microprobe. 
Clay minerals with light green colours consist of flake particles (10 to 100 μm) surrounded of andesine-labradorite, 
albite and augite. Theses clay minerals are dominantly trioctahedral smectite and interlayered chlorite/smectite, 
chlorite-rich chlorite/smectite, chlorite and corrensite, associated with calcite, titanite, quartz and hematite. Chlo-
rites compositions is Mg-chamosite in pyroxene alteration, hydrothermal vein and matrix of andesite dike. The 
hydrothermal system started in out gassing, partially segregated into vesicles, which have deposited mainly pyrite 
and chalcopyrite. The albitization started at temperatures from 600 to 350 °C, and subsequent cooling at ca. <251 
°C led to crystallization of titanite and Mg-chamosite. Chloritization continued at ca. 183 °C [3] Mg-saponite and 
saponite/chlorite mixed layers formed at lower-temperature (150 to 80 °C) [3]. 

The Mg-chamosite of lavas and pyroclastic rocks may be indicative sulfide bearing hydrothermal vein in Seival 
Mine area. Saponite, chlorite/smectite and different types of Mg-chamosite may represent mixture of magmatic 
and meteoric waters [1] or phase reflecting chemical metastability with decreasing temperatures and the intensity 
of hydrothermal alteration. Clay mineralogy and chemistry do not derive from local equilibrium, but rather from 
composition of volcanic rocks, water activity, temperature and Al, Si, Fe and Mg chemical changes. Moreover, 
mass balance calculations [2] have pointed out that hydrothermal alteration occurred in closed chemical systems 
with respect to Si, Al, Fe and Mg with additional hydrous carbonic fluids. Mg-chamosite formation was probably 
related with Cu-sulfide and Fe oxide formation. 

[1] Bongiolo1 E.M., Renac2 C., Mexias3 A.S., Gomes4 M.E.B., Ronchid5 L.H., Patrier-Mase6 P. (2011). Evidence of Ediacaran glaciation 
in southernmost Brazil through magmatic to meteoric fluid circulation in the porphyry-epithermal Au-Cu deposits of Lavras do Sul. 
Precambrian Research, 189, 404-419.

[2] Fontana1 E., Mexias2 A.S., Renac3 C., Nardi4 L.V.S., Lopes5 R.W., Gomes6 M.E.B., Barats7 A. (2016). Hydrothermal alteration of 
volcanic rocks in Seival Mine Cu-Mineralization - Camaquã Basin - Brazil (Part II): Mass balance chemical modelling and stable isotopes 
(δ18O and δ13C). Journal of Geochemical Exploration, submited manuscript.

[3] Lopes1 R.W., Renac2 C., Mexias3 A.S., Nardi4 L.V.S., Fontana5 E., Gomes6 M.E.B., Barats7 A. (2017). Mineral chemistry of magmatic 
and hydrothermal alteration phases from Seival Mine copper deposits, Camaquã Basin, Neoproterozoic of southern Brazil. Journal of 
Geochemical Exploration, submited manuscript.

[4] Reischl1 J.L. (1978). Mineralizações cupriferas associadas a vulcânicas na Mina do Seival. In: XXX Congresso Brasileiro De Geologia, 
Recife. Anais, SBG, 4, 1568-1582.



Scientific Research Abstracts
Vol. 7, p. 538, 2017
ISSN 2464-9147 (Online)
XVI International Clay Conference | ICC 2017 | Granada, Spain
© Author(s) 2017. CC Attribution 3.0 License
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Smectite clays possess a connected mesoporous space in the micrometer range, and nanopores inside the min-
eral grains. The grains are stacks of individual 1 nm-thick clay particles (the layers) with the ability to swell by 
incorporating H2O molecules (or other molecules such as CO2) in-between the layers, depending on the ambiant 
temperature and on the relative humidity (RH) present in the mesoporous space surrounding the grain. Imposing a 
gradient of RH along a temperature- controlled dry sample of smectite clay, we investigate the diffusive transport 
of water molecules in vapor phase through the material. As water molecules diffuse through the mesoporous space, 
(i) some of them intercalate into the nanopores, (ii) causing the grains to swell and the separation of clay grains into 
particles of smaller thickness. From (ii) results a change in the geometry of the mesoporous space, with a decrease 
in the mesoporous volume available for vapor diffusion. These two effects (i and ii) render the transport process 
potentially anomalous. We monitor it using space- and time-resolved X-ray diffraction at a synchrotron source. 
Indeed, water absorption into the nano-layered grains changes the interlayer repetition distance (d-spacing) of the 
stacks, which is seen in the diffraction data [1]. A separate calibration experiment allows mapping this monotonous 
evolution of d as a function of the RH. By measuring d in space and time in the transport experiments we thus 
record the time evolution of RH profiles along the direction of the initial RH gradient [2]. To model the data we 
consider a 1D effective diffusion process described by a fractional time diffusion equation with a diffusion coef-
ficient that depends on the RH. It is possible to rescale all RH profiles onto a single master curve as a function of 
(x/t)γ/2, where γ is the exponent characteristic of the fractional derivative. We observe that when the clay sample is 
prepared with sodium cations intercalated in the nanopores, vapor transport is normal (γ=2), while if the interlayer 
cation is lithium the transport is strongly subdiffusive [3]. This is explained by the different dynamics of cation 
intercalation in these two clays. In both cases we also obtain the dependence of the effective diffusion coefficient 
on relative humidity.

[1] G. Løvoll et al. (2005). Dynamics of water intercalation fronts in a nano-layered synthetic silicate: A synchrotron X-ray scattering study, 
Physica B 370, 90-98.

[2] Hemmen et al. (2010). X-ray studies of interlayer water absorption and mesoporous water transport in a weakly hydrated clay, Phys. Rev. 
E 82, 036315.

[3] Michels et al. (2016). Vapor Transport in a porous smectite clay: from normal to anomalous diffusion, under review.
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The interaction between nucleic acids and mineral surfaces has been of prime importance throughout geological 
time. Presently, significant amounts of nucleic acids are present in soils where they are used by microorganisms 
for gene exchange or transfection [1,2]. Nucleic acids are retained on mineral surfaces that protect them from 
degradation, whether enzymatic or UV-mediated [1,3]. Furthermore, during Earth’s early time, the interaction be-
tween mineral surfaces and organics, especially nucleic acids, may have played a crucial role in the origin of Life 
as first hypothesized by Bernal as early as in 1951 [4]. In that frame work, understanding the interaction between 
swelling clay minerals and DNA-building molecules [5,6] or DNA is certainly worthwhile. In the present study, 
we have analyzed the interaction of two dispersions of swelling clay minerals, beidellite and montmorillonite, 
with both a short and a long DNA. Optical observations reveal that the presence of DNA significantly affects the 
phase diagram of both clay minerals strong differences being observed between the short length DNA and the long 
one. Furthermore, Small Angle X-ray Scattering (SAXS) experiments reveal that the presence of DNA modifies 
the interactions between clay platelets leading to interplatelets distances that are significantly shorter that those 
measured in water [7]. The origin of such behavior will be discussed in this presentation.

[1] Lorenz, M.G., Wackernagel, W. (1987). Adsorption of DNA to Sand and Variable Degradation Rates of Adsorbed DNA.Appl Environ 
Microb 53, 2948-2952.

[2] Ogram, A.V., Mathot, M.L., Harsh, J.B., Boyle, J., Pettigrew, C.A. (1994). Effects of DNA Polymer Length on Its Adsorption to Soils. 
Appl Environ Microb 60, 393-396.

[3] Romanowski, G., Lorenz, M.G., Wackernagel, W. (1991). Adsorption of Plasmid DNA to Mineral Surfaces and Protection against 
Dnase-I. Appl Environ Microb 57, 1057-1061.

[4] Bernal J.D. (1951). The Physical Basis of Life., Routledge and Paul, London.
[5] Feuillie C., Daniel I., Michot L.J., Pedreira-Segade U. (2013). Adsorption of nucleotides onto Fe-Mg-Al richswellingclays. Geochim. 

Cosmochim. Acta 120, 97-108.
[6] Pedreira-Segade, U.; Feuillie, C.; Pelletier, M.; Michot, L.J.; Daniel, I. (2016). Adsorption of nucleotides onto ferromagnesianphyllosili-

cates: Significance for the origin of life. Geochim. Cosmochim. Acta,176, 81-95.
[7] Paineau, E., Bihannic, I., Baravian, C., Philippe, A.M., Davidson, P., Levitz, P., Funari, S.S., Rochas, C., Michot, L.J. (2011). Aqueous 

Suspensions of Natural Swelling Clay Minerals. 1. Structure and Electrostatic Interactions. Langmuir 27, 5562-5573.
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The aim of this work was to improve the porosity of gas diffusion layers (GDLs) for proton exchange membrane 
fuel cell electrodes by using small amounts of Cloisite 30B montmorillonite (MMT) clay. GDL films were de-
veloped by twin-screw extrusion process from electrically conductive formulations composed of polyamide11 
(PA11)/Polystyrene (PS) system as the polymeric matrix phase and an appropriate mixture of carbon black (CB) 
and graphite (GR) as the conductive additives. Final GDL film porosity, especially its macroporosity, was generat-
ed by selective extraction of the PS phase using adequate solvents. Since the generation of film porosity was found 
to be directly related to PA11/PS blend’s morphology, several blend compositions were studied and small amounts 
of MMT clay were used as compatibilizer to improve the dispersion of PS inside the PA11 polymeric phase. It was 
observed that the incorporation of 2 to 6 wt% of MMT clay was found to improve significantly the pore specific 
surface area of the GDL film, whatever the composition of PA11/PS phase. However, the best improvement of 
porous properties of the GDL film was obtained with the incorporation of 2 wt% MMT. Although GDL volume 
porosity was not or slightly affected by the addition of MMT compatibilizer, its pore specific surface area was 
clearly increased. For GDL films made from a blend composed of 65wt.-% of PA11/PS (30/70) and 35 wt% of 
GB/GR (57/43), an increase of GDL specific surface area from 53 m2/g (without MMT) to around 75 m2/g (with 
2 wt.-% MMT) was obtained. This improvement within the addition of MMT compatibilizer was attributed to the 
modification of the dispersion state of the PS phase inside PA11. 

The localization of MMT compatibilizer normally depends on its compatibility with PA11 and PS. The MMT 
cloisite 30B used in this study was chosen because of is exfoliability in polyamides [1]. Moreover, when intro-
duced in small percentage in PA11/PS blends, MMT preferential localization should be at the interface between 
PA11 and PS phases [2]. This was confirmed by TEM characterization that clearly shows MMT stacks situated 
at the PA11/PS interface (see picture), which confirms that MMT compatibilization of the PA11/PS based blends 
took place. Such compatibilization led to a higher connectivity of pores and consequently more accessibility to the 
micro/mesopores of CB and GR. 

The most significant modification obtained with the addition of MMT clay was on pore size distribution, especially 
in the micropore/mesopore range. It was observed that, depending on MMT content, pore size distribution in this 
range was shifted to smaller or higher values. This means that, by controlling the amount of the MMT compatibi-
lizer, this technique should be considered as interesting routes to tailor GDL porosity.

[1] Liu T., Lim K.P., Tjiu W.C., Pramoda K.P., Chen Z. (2003). Preparation and characterization of nylon 11/organoclay nanocomposites. 
Polymer, 44, 3529-3535.

[2] Ray S.S., Pouliot S., Bousmina M., Utracki L.A. (2004). Role of organically modified layered silicate as an active interfacial modifier in 
Polystyrene/Polypropylene blends. Polymer, 45, 8403-8413.
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Orbiter and rover missions have provided a wealth of information about the presence, diversity and distribution of 
hydrated minerals, including clay minerals, on Mars. A wide range of clays have been inferred from orbital near-in-
frared reflectance spectroscopy data, including smectites, illite, chlorites, and kaolin-serpentine phases [1,2]. More 
recently, in situ X-ray diffraction measurements by the CheMin instrument on NASA’s Curiosity rover have con-
firmed the presence of clays, and smectites in particular, within Gale crater [3,4]. The persistence of smectites in 
terrains on Mars that are billions of years old is in sharp contrast with the oldest smectites on Earth, which may be 
on the order of several hundred million years, and has been suggested to indicate limited water-rock interaction 
after initial smectite formation [5]. However, mixed-layer clay minerals produced during diagenesis (e.g., chlorite/
smectite) may be spectrally similar to certain smectites at near-IR wavelengths, and it is possible that such phases 
have been overlooked in previous studies of martian clays. 

To address this issue we have carried out laboratory reflectance measurements of a variety of natural mixed-layer 
clay minerals of different hydration states for comparison to Mars data, and we have used these lab data to estab-
lish empirically-based methods for distinguishing between mixed-layer C/S, smectite, and physical mixtures of 
discrete smectite and chlorite. When applying these methods to orbital near-IR reflectance spectra of martian clay 
deposits we find that the majority of occurrences are consistent with mixed-layer C/S. Occurrences of smectite are 
also observed but they are not as numerous and are most common in several locations, including Mawrth Vallis, 
Gale Crater, and Nili Fossae. These clays may represent products of burial diagenesis that have been brought to the 
surface by impact crater excavation or, alternatively, they may have formed in martian soil/regolith at the surface. 
In either case the presence and persistence of water is implied, as basin or crustal fluids in the first case or as water/
thin films in surface sediments in the latter. In addition, global analyses of clay deposits associated with central 
peaks of martian impact craters reveals that chlorite abundance increases with depth [1,6], a trend that is expected 
if smectite is converted to chlorite with progressive burial depth. 

Together, these observations indicate that mixed-layer clay minerals, and C/S in particular, are common on Mars 
and indicate that diagenesis was widespread prior to ~3 Ga. Though much of this diagenesis may have occurred 
in the warmer subsurface where liquid water is likely to be more stable, we cannot rule out C/S formation in the 
near-surface environment due to intermittent interaction of thin films of water with sediment integrated over bil-
lion year timescales. Detailed spectral analysis of martian clays thus reveals a more complex story of water-rock 
interaction on early Mars, though the preponderance of Fe/Mg clays over late-stage weathering products such as 
kaolinite and gibbsite suggests total chemical weathering was still not as advanced as is commonly found on Earth. 
Because of their diversity and great antiquity, clay-bearing deposits on Mars may provide novel information about 
clay evolution on timescales not accessible in Earth’s rock record. As such, martial clay deposits provide excellent 
locations for future in situ measurements and/or sample return.

[1] Carter, J. et al. (2013). Hydrous minerals on Mars as seen by the CRISM and OMEGA imaging spectrometers: Updated global view. 
Journal of Geophysical Research: Planets 118, 831-858.

[2] Ehlmann, B. L. et al. (2011). Subsurface water and clay mineral formation during the early history of Mars. Nature 479, 53-60.
[3] Vaniman, D.T. et al. (2014). Mineralogy of a mudstone at Yellowknife Bay, Gale Crater, Mars. Science 343.
[4] Bristow, T.F. et al. (2015). The origin and implications of clay minerals from Yellowknife Bay, Gale crater, Mars. American Mineralogist 
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[5] Tosca, N.J. & Knoll, A.H. (2009). Juvenile chemical sediments and the long term persistence of water at the surface of Mars. Earth and 

Planetary Science Letters 286, 379-386.
[6] Sun, V.Z. and R.E. Milliken (2015). Ancient and recent clay formation on Mars as revealed from a global survey of hydrous minerals in 

crater central peaks, Journal of Geophysical Research, 120, 2293-2332.



Scientific Research Abstracts
Vol. 7, p. 542, 2017
ISSN 2464-9147 (Online)
XVI International Clay Conference | ICC 2017 | Granada, Spain
© Author(s) 2017. CC Attribution 3.0 License

EVALUATION OF CERAMIC PROPERTIES OF BAUXITIC MATERIALS 
FROM SE OF IBERIAN RANGE
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apariCio (1), blanCa bauluz (2), alfonso yuste (2), maria jose mayayo (2)
(1) Departamento de Cristalografía, Mineralogía y Química Agrícola, Universidad de Sevilla (Spain), (2) IUCA-Facultad de 
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One of the most important traditional refractory materials are made of aluminum-rich raw clays and bauxites. After 
firing the structure of the material consists of needle-like mullite crystals in a siliceous and vitreous matrix with 
some impurities, being the mullite the responsible of the refractory properties. The aim of this study is to analyze 
ceramic properties of some bauxites to evaluate their use as refractories. 

Four samples were selected for the study come from Lower Cretaceous karst bauxite deposits that outcrop to the 
SE of the Iberian Range (Maestrazgo zone) [1,2,3]. Bauxites constitute bodies filling karst cavities developed in 
Jurassic limestones. Samples were characterized determining mineralogical and chemical composition, thermal 
analysis and kaolinite structural order by XRD and DTA and high-temperature optical microscopy. On the other 
hand, a set of 5 mm-diameter cylinders were made with the milled raw clay by pressing, and then heated from 
1000º to 1400 ºC and some physical properties such as dilatometry, linear contraction, water absortion, density 
and mechanical resistance and color, have been evaluated in order to evaluate their use as refractories. Also the 
evolution of the mineralogical composition was quantified by XRD using zincite as internal standard.

Two samples (F4-4 and F2X) are composed mainly of kaolinite with traces of anatase, rutile and hematites, F3-
1R contains kaolinite and gibbsite with minor amount of hematites and traces of anatase and rutile, finally F2Y is 
composed of kaolinite with minor amount of hematites, gibbsite and boehmite, and traces of anatase and rutile. 
Chemical composition is according with this mineralogical composition. The kaolinite present a high structural 
order. The mineralogical composition of the firing samples is composed mainly of mullite and cristobalite associ-
ated with amorphous phase.

The evaluation of the ceramic properties shows:

• Sample F2Y presents the best refractory behaviour because his high mechanical resistance and low cristo-
balite content avoid thermal dilatation. The quality as refractory would be better if iron content is reduced by 
magnetic separation or chemical leaching.

• Sample F2X, which has higher cristobalite content than F2X, presents low mechanical resistence at 1350 ºC. 
This sample could be used as refractory at 1200º or 1300 ºC, but with medium number of heating cycles.

• Sample F4-4, although the low iron content could be indicate a better refractory behaviuor, presents a very 
high cristobalite content, so its quality as refractary material will be poor with low number of heating cycles.

• Finally sample F3-1R could not be used as silicum-alumninum refractory.

Acknowledgements: this research was funded by the Spanish Ministerio de Educación y Ciencia (CGL2013-46169-C2-1-P and CGL2013-
46169-C2-2-P) and the contract of Domingo Martín granted by the V Plan Propio de Investigación de la Universidad de Sevilla.

[1] Combes, P.J. (1969). Recherches sur la genése des bauxites dans le nord-est de l’Espagne, Le Languedoc et L’Ariége (France). Mem. 
C.E.R.G.H., 3-4, 335 pp.
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STUDY OF THE MINERALOGICAL EVOLUTION OF CERAMIC CLAYS 
DURING HEATING BY “IN-SITU” HIGH TEMPERATURE X-RAY 
DIFFRACTION (HTXRD)
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High temperatures tests are often performed in ceramics bodies to determine their physical properties which are 
largely dependent on the new phases formed. Usually such technical determinations and the phase characterization 
are carried out on test pieces prepared on laboratory heated at the most suitable temperatures, according to the 
composition of the raw material and the ceramic product to be fabricated. However, these studies do not allow to 
follow the evolution occurring during heating and foresee what is the most appropriate temperature to heat the 
ceramic bodies in order to obtain the better ceramic product and to save energy. In the last years has become of 
widespread interest the use of “in-situ” High Temperature X-Ray Diffraction (HTXRD)for the measurement of 
crystallographic parameters, and to follow the evolution of the crystalline phases under controlled temperature. 
The aim of this contribution is to compare the results obtained with this technique with those deduced from the 
classical approach to optimize the possible temperature of the finished products manufactured from two raw mate-
rials commonly used for making bricks in ceramic industries. Those clays are locally called “black loam” and “red 
loam”, according to their respective colors, at the brick industry of SE Spain. The “in-situ” HTXRD analysis was 
carried out using a powder diffractometer (Bruker DISCOVER D8) equipped with a chamber (MTC-FURNACE) 
with corundum sample holder and a fast response/high sensibility detector (Bruker, LYNXEYE-XE). The temper-
ature during the heatingwas increased at a rate of 25 ºC·min-1 from room temperature (RT) up to 500 ºC, and at 5 
ºC·min-1from 500 to 1000 ºC. The classic “ex-situ” XRD experiments were performed on ceramic pressed disks 
fired at 500, 700, 800, 900 and 1000 ºC in a Bruker D8I Advance diffractometer. For a better comparison the miner-
al phases found with the two procedures and their evolution with the temperature they are shown in Table 1. From 
the HTXRD analysis only the phases identified for the same temperatures than those deduced from the study of test 
pieces by XRD are indicated. According to the HTXRD results: a) dolomite is ever destroyed at higher tempera-
ture, b) lime appears at lower temperature and at 1000 ºC it is not totally consumed to form diopside and gehlenite, 
c) periclase also appears at lower temperature, if it comes from the dolomite destruction, but it is worn out at less 
than 900 ºC to form diopside, d) diopside is detected later than in other study, e) not all the illite is destroyed when 
it is the only one clay mineral (red loam), and it remains up to a higher temperature. These differences between 
the results obtained from the two studies can be because the “in-situ” experiments were carried out at a higher 
speed than the others and the equilibrium was not achieved, because of the kinetic of reactions. On the other hand 
there are some difficulties for a good identification of high-temperature phases due to the expansion of the mineral 
structure parameters. In addition, a quantification approach is practically impossible presently. Nevertheless, the 
HTXRD investigations of ceramic materials can save time respect to XRD study of test-pieces heated at different 
temperatures, and give immediate information of the transformation occurring on heating, which can be useful to 
improve the most suitable firing temperature in the industry.

          Ex-situ XRD                         In-situ HTXRD

          Black loam

30º 500º 700º 800º 900º 1000º 30º 500º 700º 800º 900º 1000º

Quartz
Calcite
Dolomite
K-Feldspars
Plagioclases
Illite
Smectite
Kaolinite
Gypsum
Anhydrite
Lime
Diopside
Gehlenite
Periclase
Hematite

          Ex-situ XRD                         In-situ HTXRD

          Red loam

30º 500º 700º 800º 900º 1000º 30º 500º 700º 800º 900º 1000º

Table 1
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DEVELOPMENT OF NEW CARBON/CLAY COMPOSITE ELECTRODES 
FOR THE ELECTRO-FENTON PROCESS
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The electro-Fenton process is an electrochemical advanced oxidation process which presents some advantages 
comparing to other ones: low chemical products consumption, in-situ production of oxidant reagents, and low pro-
duction of iron sludge compared to classical Fenton processes [1]. Mineralisation of persistent organic compounds 
(hormone derivatives, pesticides, antibiotics) can be achieved by coupling this process with a biologic treatment 
(activated sludge) [2]. The only drawback concerns the necessity to add iron chloride to the raw solution to be 
treated. 

The novelty of our approach stands in the development of a new type of electro-Fenton electrodes containing iron. 
A series of innovative composites combining carbon felt and aminoclay (with a talc-like structure containing Fe or 
Fe and Mg) or montmorillonite was prepared to that purpose. The main complexity of this work was to find and set 
the synthesis conditions necessary to obtain a continuous and thin film of clay at the surface of the carbon fibres. 
The different samples were characterized by SEM-EDX (Figure 1), TGA, FTIR, Chemical analysis (by X-ray 
wavelength fluorescence (XRF)) and nitrogen adsorption-desorption experiments. 

Figure 1.SEM pictures of carbon/aminoclay composites containing Fe(a) and Fe/Mg(b) 

The evaluation of the catalytic properties of iron (present in the clay framework) is underway. These new elec-
tro-Fenton electrodes can be an effective approach for overcoming the challenges of Fenton-like reactions. 

[1] Babuponnusami A., Muthukumar K. (2014). A review on Fenton and improvements of the Fenton process for wastewater treatment, J. 
Env. Chem. Eng., 2, 557-572. 

[2] Ferras-Siagh F., Fourcade F., Soutrel I., Ait-Amar H., Djelal H., Amrane A. (2013). Tetracycline degradation and mineralization by the 
coupling of an electro-fenton pretreatment and a biological process, J. Chem. Technol.Biotechnol., 88, 1380-1386.
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PEG-PE/CLAY COMPOSITE CARRIERS FOR DOXORUBICIN: EFFECT 
OF COMPOSITE STRUCTURE ON RELEASE, CELL INTERACTION AND 
CYTOTOXICITY

HaGay koHay (1), rupa saWant (2), Can sarisozen (2), aditi jHaveri (2), vladimir p. torCHilin (2), 
yaEL g. mishaEL (1)*
(1) The Robert H. Smith Faculty of Agriculture, Food and Environment, The Hebrew University of Jerusalem, Rehovot, 
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A novel drug delivery system for doxorubicin (DOX), based on organic-inorganic composites was developed. 
DOX was incorporated in micelles (M-DOX) of polyethylene glycol-phosphatidylethanolamine (PEG-PE) which 
in turn were adsorbed by the clay mineral, montmorillonite (MMT). The nano-structures of the PEG-PE/MMT 
composites of LOW and HIGH polymer loadings were characterized by XRD, TGA, FTIR, size (DLS) and zeta 
measurements. These measurements suggest that for the LOW composite a single layer of polymer intercalates in 
the clay mineral platelets and the polymer only partially covers the external surface, while for the HIGH compos-
ite two layers of polymer intercalate and a bilayer may form on the external surface. These nanostructures have 
a direct effect on formulation stability and on the rate of DOX release. The release rate was reversely correlated 
with the degree of DOX interaction with the clay mineral and followed the sequence: M-DOX>HIGH formu-
lation>LOW formulation>DOX/MMT. Despite the slower release from the HIGH formulation, its cytotoxicity 
effect on sensitive cells was as high as the “free” DOX. Surprisingly, the LOW formulation, with the slowest 
release, demonstrated the highest cytotoxicity in the case of Adriamycin (ADR) resistant cells. Confocal micros-
copy images and association tests provided an insight into the contribution of formulation-cell interactions vs. the 
contribution of DOX release rate. Internalization of the formulations was suggested as a mechanism that increases 
DOX efficiency, particularly in the ADR resistant cell line. The employment of organic-inorganic hybrid materials 
as drug delivery systems, has not reached its full potential, however, its functionality as an efficient tunable release 
system was demonstrated.
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ACID ACTIVATED CLAYS EFFECT ON N-ACYL-2,2-DIMETHYL 
AZIRIDINES: MECHANISTIC ELUCIDATION
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Tunisian acid activated clays have been used for the rearrangement of N-acyl-2,2-dimethylaziridines 1 (Scheme 1) 
into a mixture of N-methallylamides 2, oxazolines 3 and amidoalcohols 4 at room temperature for three days[1-3]. 
The results show that the yields of these products depend strongly on the nature of acyl group carried by nitrogen 
of aziridine cycle (1a: propanoyl, 1b: benzyloyl and 1c: benzoyl) and the physicochemical characteristics of acid 
activated clays used. The structures of the different stationary points of these reactions have been optimized by 
the DFT calculation method with the 6-31G* level using the GAUSSIAN 09. Frequency analysis was performed 
to determine the nature of each stationary point. The mechanism of the competitive transformation catalysis of 
N-acyl-2,2-dimethylaziridines 1 by Bronsted sites located at the active surface of these clays are performed using 
quantum chemistry methods. Geometries of reactant 1, intermediaries I and II, transition states TS1 and TS2, pro-
tonated intermediaries 2’, 3’ and 4’ and products 2, 3 and 4 have been also optimized [4].

1a: R= C2H5
1b: R= PhCH2
1c: R= Ph
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Scheme 1 . Acid activated clays effect of N-acyl-aziridines 1a-c

Keywords: acid activated clay, N-acylaziridine, theoretical calculation, acid catalysis.
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ADSORPTION-DESORPTION OF CESIUM ONTO LAMINAR SILICATE 
MINERALS AND CHARACTERISTICS CHANGE BY HEAT TREATMENT
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The adsorption-desorption characteristics of cesium onto minerals are affected by many different factors. Cesi-
um ions are adsorbed by ion exchange in soils and in the pores of the zeolite minerals. The interlayer of micas 
having water-swelling can be swollen to several tens of times its original size with water. Micas are common in 
soils of Fukushima (Japan), and the mineral is important for decontamination efficiency of cesium. In this study, 
the adsorption-desorption behaviour of cesium onto laminar minerals, natural/artificial zeolite and soil reference 
materials was investigated. Additionally, the heat treatment of mineral for the inhibiting cesium desorption was 
experimented. 

Mica, bentonite, vermiculite, natural zeolite, artificial zeolite, geochemical reference samples in Japan (basalt: JB; 
soil: JSO) and as laminar compounds were used for the cesium adsorption experiments. Cesium solutions (200 or 
2000 mg/L) were prepared from 133CsCl. The cesium solution (50 mL) and mineral sample (0.5 g) were placed a 
200 mL polystyrene container and stirred for 2 h. After equilibration, each sample solution was filtered through a 
membrane filter (0.20 μm), and the saturation amounts of adsorbed cesium were determined by the cesium con-
centrations in the filtrates measured by ICP-MS. The desorption solution {HCl, HNO3, H2SO4, (COOH)2 :oxalic 
acid, (CH(OH) COOH)2 :tartaric acid, C6H4(COOH)2 :phthalic acid } (25mL) and the mineral containing adsorbed 
cesium (0.25 g) were added to each polystyrene container for desorption experiments. The desorption procedure 
was similar to the adsorption procedure. In addition, the minerals were calcined at 400, 600, 800, 1000-degree C 
and then used in the cesium adsorption and desorption inhibition tests.

Cesium adsorption amount onto laminar silicate mineral (mica, bentonite and vermiculite) and zeolite (11~200 
mg/g) were larger than geochemical reference samples (0.57~5.3 mg/g). Adsorption characteristics of cesium were 
influenced by the minerals skeleton structure and their cation exchange capacity. Zeolite has porous structure with 
many adsorption sites and high cation exchange capacity, so cesium adsorption amounts was largest. Mica and 
bentonite of the laminar structure had larger cesium adsorption capacity than vermiculite. This result has related 
to water-swelling, so cesium ions were intercalated between soil layers. From adsorption characteristics onto all 
mineral samples, cesium adsorption stability and ability were higher the uniform skeleton structure minerals (mica 
and zeolite) than the nonuniform skeleton structure minerals (other minerals). The mineral adsorbing large amount 
of cesium ions had a low cesium desorption ratio. Cesium desorption ratio on minerals with an intercalation 
structure were high using the combination of acids and NH4

+. Acids dissolved the mineral structure, the condition 
with low pH and the expanded interlayer. Additionally, the high desorption ratio of cesium with NH4

+ is probably 
due to a strong chemical attraction of NH4

+ which has ionic radius similar to that of cesium ion. Adsorption and 
desorption ratio of cesium ions decreased in accordance an increasing with calcined temperature. The number of 
adsorption sites was decreased by structural changes and the combustion of organic substances during calcina-
tion. Calcination of minerals changed the soil interlayer and pore structures, melting the mineral, and trapping the 
exchangeable cations at the ion exchange sites. The heat treatment methods of mineral are effective for the final 
treatment of contaminated soil.

Keyword: laminar silicate mineral, cesium, adsorption and desorption.
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Cu nanoparticles (Cu NPs) have recently attracted much attention due to their optical and catalytic properties. 
However, their low oxidation resistivity has been a critical problem to the application. In addition, multistep pro-
cedures have often been required in chemical reduction method to remove excessive amounts of a capping agent 
and a hazardous reducing agent. In contrast, our research group has reported regenerative Cu NPs by environmen-
tally-friendly photoreduction method [1]. Considering that layered materials have been a promising supporter due 
to stable nanostructures, we have believed that syntheses of the Cu NPs with layered clay minerals by the pho-
toreduction method would give novel viewpoints in both fields of the clays and the metal NPs. In addition, unlike 
previous studies using the chemical or photocatalytic reduction [2], we have assumed that the Cu NPs could be 
synthesized simply by UV irradiation to a clay dispersion containing a Cu salt. Furthermore, it may be possible to 
control morphology and reactivity of the Cu NPs by difference in physicochemical properties of the clays such as 
adsorption and exfoliation. From these backgrounds, we have developed a novel synthetic method of the Cu NPs 
with two different clays, and investigated differences in the morphology and the reactivity. Kaolinite (KL, Kanpa-
ku mine, Japan) and synthetic saponite (Sapo, Kunimine Ind. Co.) were dispersed in water, respectively. Copper 
acetate aqueous solution and ethanol were added to the dispersion drop by drop. The mixed solution was irradiated 
by UV light. Other experimental detail is described elsewhere [3]. When the KL suspension was irradiated by UV 
light, it turned reddish brown. Since the color was deeper than that of spherical Cu NPs [1], production of aniso-
tropic Cu NPs was suggested. As expected, SEM observation revealed production of Cu nanodisks (Cu NDs) with 
a diameter of 80 nm on KL. Oxidation state and resistivity of the nanocomposite (Cu ND−KL) were evaluated 
with XRD. As a result, Cu ND−KL was found to contain no oxides, and the powder sample did not get oxidized 
even after 6-months air exposure. We assume that this extremely high oxidation resistivity originates from the 
relatively large Cu NDs and firmly-stacked kaolinite. Production mechanism of Cu ND−KL was elucidated from 
time-dependent UV-vis spectra and XRD patterns. As a result, it was found that the photoreduction of Cu2+ to Cu0 
was stepwise via Cu2O: The first step reduction from Cu2+ to Cu2O occurred in the solution, followed by adsorption 
on KL to produce Cu2O NDs. The second step reduction to Cu NDs occurred on KL. It is noted that the reduction 
started from the electron transfer from CH3COO− to Cu2+. Ethanol was reacted as the sacrificial reagent. The total 
photoreaction mechanism is summarized and discussed in detail elsewhere [3]. Since the Cu2O nanocrystals were 
formed in the solution without capping agents, the obtained Cu NDs were relatively large. In addition, even though 
the Cu ND−KL solution showed high oxidation resistivity, the back reaction to copper acetate occurred slowly on 
exposure to air. Contrary to KL, small spherical Cu NPs in the aggregated Sapo (Cu NP−Sapo) were observed by 
STEM observation. It is probably because Cu2+ was adsorbed and isolated on Sapo, suppressing particle growth 
greatly by the photoreduction of Cu2+. Their diameter could be controlled from 3 to 24 nm not only by [Cu2+] and 
[Sapo] but also by the drop rate of the copper acetate solution. Because larger Cu NPs were obtained by adding 
the solution quickly, it was implied that Cu2+ was segregated on Sapo, which induced the particle growth after the 
photoreduction. In addition, dispersibility of Cu NP−Sapo was also controlled by [Cu2+], [Sapo] and the drop rate, 
suggesting that the dispersibility is determined by the size of the aggregated Sapo. Contrary to Cu ND−KL, the Cu 
NP−Sapo solution showed high reactivity: it quickly turned yellow by the air exposure. We confirmed production 
of Cu2O with XRD and UV-vis spectroscopy after the exposure. STEM observation revealed unexpected forma-
tion of Cu2O NP clusters. The diameters of the clusters and the constituent Cu2O NPs were about 1 μm and 100 
nm, respectively. Therefore, it was suggested that the Cu NPs moved by the air exposure to form the large Cu2O 
NPs followed by the clusters in the aggregated Sapo. In conclusion, we developed the synthetic method of the Cu 
NPs with KL and Sapo by photoreduction. In the former case, the Cu NDs were obtained with the high oxidation 
resistivity. In the latter case, the small spherical Cu NPs were obtained with the high reactivity to produce the Cu2O 
NP clusters by the air exposure. 

[1] Nishida N., Miyashita A., Tsukuda T., Tanaka H. (2011). Regenerative synthesis of copper nanoparticles by photoirradiation. The Euro-
pean Physical Journal D, 307. 

[2] Ide Y., Matsuoka M., Ogawa M. (2010). Efficient Visible-Light-Induced Photocatalytic Activity on Gold-Nanoparticle-Supported Lay-
ered Titanate. Journal of the American Chemical Society, 16762. 

[3] Miyagawa M., Maeda T., Tokuda R., Shibusawa A., Aoki T., Okumura K., Tanaka H. (2016). Precious metal-like oxide-free copper nan-
oparticles: high oxidation resistance and geometric structure. RSC Advances, 104560. 
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ANISOTROPIC COMPOSITE GEL OF FLUOROHECTORITE NANOSHEET 
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Lyotropic liquid crystals (LCs) of inorganic nanosheets [1] are emerging as new-type LC materials with rich 
electric and optical functionalities inherent to inorganic materials, very low isotropic/LC transition concentration, 
fluidity, and capability of forming organic-inorganic nanohybrids. We recently demonstrate the utilization of in-
organic nanosheet LCs to facilely synthesize hydrogels with anisotropic structures and anisotropic properties [2]. 
Here, we demonstrate electric-field-assisted synthesis of a cm-scale monodomain gel (7 cm x 7 cm at maximum) 
of exfoliated LC clay/ polymer composite adsorbed with dye. The gel shows a photo-induced anomalous defor-
mation behaviour [3].

The gels were synthesized by photo-polymerization of N-isopropylacrylamide (NIPA) dissolved in the liquid crys-
talline fluorohectorite clay colloid in a cell. The alignment of the nanosheet LC is achieved by applying in-plane or 
out-of-plane AC electric field during photo-polymerization. When the LC clay/pNIPA composite gel is observed 
between crossed polarizers, it showed a uniform interference color due to birefringence, indicating the formation 
of the large oriented monodomain gel. In the stretching test from two orthogonal axes, the anisotropic gel showed 
the larger tensile modulus along the direction parallel to the oriented nanosheet plane than the perpendicular axis.

A photoresponsive pattern was printable onto the gel with μm-scale resolution by adsorbing a cationic dye through 
a pattern-holed silicone rubber. When the gel is irradiated with light, only the colored part is photothermally de-
formed; the deformation is anisotropic due to the oriented nanosheets in the gel. Interestingly, the photo-irradiated 
gel shows temporal expansion along one direction followed by anisotropic shrinkage, which is an anomalous 
behavior for a conventional PNIPA gel. 
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Center for Materials and Devices; and Strategic Research Foundation Grant-aided Project for Private Univ. from MEXT.

[1] N. Miyamoto, H. Iijima, H. Ohkubo, Y. Yamauchi (2010). Chem. Commun., 46, 4166.
[2] N. Miyamoto, M. Shintate, Y. Hoshida, R. Motokawa, M. Annaka (2013). Chem. Commun., 49, 1082.
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Rare earth elements are widely important resources for various applications, such as high power magnets, emitting 
materials and catalytic substances. Recycling metals from used devices attract attention because main producer of 
the metals is limited by the reason of costs and the fluctuations in market price are large. Methods for recovering 
metals from aqueous solutions can be classified into coprecipitation and ion-exchange techniques, but they have 
some problems, e.g., difficulties in separating of each metal for the former technique and the high cost of ion ex-
change resins that are used in the latter method. New ion-exchange materials, which are low cost and have easy 
desorbility of metals are needed.

Clay minerals are the natural ion-exchanger that are available in abundant amounts. They can be considered to be 
materials with high environmental harmony and superior cost. However, clay minerals are very fine particles, and 
they are difficult to separate from the solution. We previously reported synthesis procedures [1] and adsorption 
properties for Cu(II) and Zn(II) [2] of nanocomposite materials clay-P(NIPAAm) that consisted of clay miner-
als and hydrophilic polymer, poly (N-isopropylacrylamide). These nanocomposites showed superior mechanical 
strength and good separative performance while keeping clay’s cation exchange capacity. 

In this study, we evaluated the adsorption-desorption behaviour of Sc(III), La(III), Ce(III) and Pr(III) on clay-P(NI-
PAAm) nanocomposites in aqueous solution. The clay minerals used for synthesis of nanocomposites were fluoro-
hectrite and saponite-type synthetic clays, sourced from Co-op Chemical Co. Ltd. and the Clay Science Society of 
Japan, respectively. Each clay was dispersed in pure water and added with aqueous solution of NIPAAm monomer 
and the initiator dissolved in a small amount of acetone, then the mixture was stirred under bubbling nitrogen 
gas to remove oxygen. The nanocomposites were synthesized by photopolymerization under UV irradiation with 
nitrogen gas flow. Clay contents in the obtained nanocomposites were determined by TG-DTA and ignition loss. 
Adsorption behaviour of four rare earth elements was investigated by observing the change in the metal ion con-
centration in the aqueous solutions at various pH and the initial concentration. The concentration of metal ions was 
determined by absorption photometry using chlorophosphonazo-III as a coloring reagent. Chlorophosphonazo-III 
forms a 1: 1 blue complex with the lanthanoid and shows an absorption maximum arround 670 nm. 

The adsorption amounts increased with pH elevation in the range from 2 to 6, but hydroxides precipitated at higher 
pH than 7 for all metals investigated. These results imply that the appropriate pH of adsorption for these metals is 
in the range from 4 to 6. The maximum adsorption amounts for lanthanoids were 70-100% of the expected cation 
exchange capacity of clay minerals including the nanocomposites for a trivalent cation. On the other hand, it 
reached to 150% for Sc(III) at pH 6. This is because the dominant chemical species is [Sc(OH)]2+ rather than Sc3+ 
at this pH. Recovery of the whole metal ions was successfully achieved by a treatment of the nanocomposites after 
adsorption using a mildly acidic solution. 

[1] Sato.K, Yamamoto S, Ishimaru S. (2012). Bull. Chem. Soc. Jpn., 85, 1345-1350.
[2] Nagisa K., Sato.K, Ishimaru S. (2014). Chem. Lett., 43, 769-771.
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Bromate is a by-product detected in drinking water from disinfection of bromide-containing source waters. It is a 
potential carcinogen to human beings, identified as a 2B substance by the International Agency for Research on 
Cancer. The World Health Organization (WHO) has recommended a maximum bromate concentration of 0.01 mg 
L-1 in drinking water. Bromide occurs in water due to natural and anthropogenic sources including seawater intru-
sion, pesticide run-off, industrial waste and impurities in road de-icing salt [1]. The heterogeneous catalytic hydro-
genation of different water pollutants using metallic catalysts has demonstrated its high efficiency but bromate re-
duction has not been extensively studied in the literature. Among the materials used for this process monometallic 
materials supported on activated carbon [2], Pd/mesoporous carbon nitride [3] or mono and bimetallic ZSM5 [4] 
can be found. In the last few years pillared clays have shown their potential as catalytic supports for the removal 
by hydrogenation of different aqueous pollutants: chlorophenols [5], chloronitrogenated aromatic compounds [6], 
cresols [7], nitrate [8] and azo and triarylmethane dyes [9] using precious metals as active phase. The aim of this 
work was to study the hydrogenation of bromate in aqueous phase under ambient-like operating conditions using 
own-prepared catalysts based on Pd and Pt supported on Al-pillared clay. The effect of the previous reduction stage 
of the catalysts and the pH of the reaction medium were studied. 

The catalysts used were synthesized by impregnation of Al-pillared clay calcined at 350ºC. The impregnation of 
Pd or Pt was carried out with a PdCl2 acidic solution in the case of Pd and an aqueous H2PtCl6 solution in the case 
of Pt. Further calcination at 500 ºC was accomplished in order to fix the active phase to the support. The metallic 
loads tested were 1% wt. Surface area values greater than 170 m2/g were achieved in all cases. The catalytic ac-
tivity experiments were performed in a batch stirred glass jacketed reactor (25ºC, 1 atm, 100 mg/L BrO3

- initial 
concentration, 1 g/L catalyst) using a continuous H2 flow (50 mL/min). A previous reduction step of the catalysts 
was carried out for 2 h at temperatures ranging between 25 and 200 ºC under hydrogen flow. The pH of the solu-
tions was adjusted to values between 2 and 8. The hydrogenation process was followed from the evolution of the 
concentration of the reactant (bromate) and reaction product (bromide) measured by ionic chromatography.

Hydrogenation of bromate with the catalysts prepared at 25 ºC and 1 atm reached the complete removal of bromate 
in both cases. Bromide was detected as the only final product of this process. Pt showed a higher catalytic activity 
than Pd. The effect of the pH of the reaction medium was very important with both catalysts, being pH 2 the opti-
mum in both cases. From these results, Pt catalyst was selected to test the effect of the temperature of the previous 
reduction stage of the catalyst. Reduction at 90 and 200 ºC yielded the best results being preferable 90 ºC for the 
economy of the process. 

[1] Kirisits, M.J., Snoeyink, V.L., Kruithof, J.C. (2000). The reduction of bromate by granular activated carbon. Wat. Res. 34(17), 4250-4260.
[2] Restivo, J., Soares, O.S.G.P., Orfao, J.J.M., Pereira, M.F.R. (2015). Metal assessment for the catalytic reduction of bromate in water under 

hydrogen. Chem. Eng. J. 263, 119-126.
[3] Zhang, P., Jiang, F., Chen, H. (2013). Enhanced catalytic hydrogenation of aqueous bromate over Pd/mesoporous carbon nitride. Chem. 

Eng. J. 234, 195-202.
[4] Freitas, C.M.A.S., Soares, O.S.G.P., Orfao, J.J.M., Fonseca, A.M., Pereira, M.F.R., Neves, I.C. (2015). Highly efficient reduction of bro-

mate to bromide over mono and bimetallic ZSM5 catalysts. Green Chemistry 17, 4247-4254.
[5] Molina, C.B., Pizarro, A.H., Casas, J.A., Rodriguez, J.J. (2014). Aqueous-phase hydrodechlorination of chlorophenols with pillared 

clays-supported Pt, Pd and Rh catalysts. Appl. Catal. B. 148-149, 330-338.
[6] Pizarro, A.H., Molina, C.B., Casas, J.A., Rodriguez, J.J. (2014). Catalytic HDC/HDN of 4-chloronitrobenzene in water underambient-like 

conditions with Pd supported on pillared clay. Appl. Catal. B 158-159, 175-181.
[7] Pizarro, A.H., Monsalvo, V.M., Molina, C.B., Mohedano, A.F., Rodriguez, J.J. (2015). Catalytic hydrodechlorination of p-chloro-m-

cresol and 2,4,6-trichlorophenol with Pd and Rh supported on Al-pillared clays. Chem. Eng. J. 273, 363-370.
[8] Pizarro, A.H., Molina, C.B., Rodriguez, J.J. Epron, F. (2015). Catalytic reduction of nitrate and nitrite with mono- and bimetallic catalysts 

supported on pillared clays. J. Environ. Chem. Eng. 3, 2777-2785.
[9] Pizarro, A.H., Molina, C.B., Rodriguez, J.J. (2016). Decoloration of azo and triarylmethane dyes in the aqueous phase by catalytic hydro-

treatment with Pd supported on pillared clays. RSC Advances 6, 113820-113825.
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The synthesis of organic dyes represents a very important activity of the chemical industry and two-thirds of 
their world-wide production is consumed by the textile and plastic industries. Azo and triarylmethane compounds 
are, by far, the most widely used synthetic colorants. The discharge of dyes is forbidden by the EU legislation 
due their carcinogenic potential. Destructive and non-destructive technologies have been used for the removal of 
these compounds from industrial effluents including wet air oxidation, advanced oxidation processes, adsorption 
or coagulation-flocculation [1]. The main drawback of these treatments is the formation of highly toxic species, 
even more harmful than the original ones, especially nitrogenated or chloronitrogenated compounds [2]. The use 
of reductive processes for aqueous dyes removal has been reported which can overcome the drawbacks of the 
oxidation technologies [3]. Among reductive treatments catalytic hydrotreatment has been studied in the reduction 
of different dyes with different catalysts based on Ni, Au or Ag nanoparticles [4], Pd on polypropylene membranes 
[5] and also zerovalent Fe or Zn [6]. In the last years pillared clays have shown their potential as catalytic supports 
for the removal by hydrogenation of different aqueous pollutants: chlorophenols [7], chloronitrogenated aromatic 
compounds [8] and also azo and triarylmethane dyes with Pd as active phase [9]. The aim of this work was to study 
the removal of a triarylmethane dye (Fuchsine (Merck, 632-99-5)) by hydrogenation in aqueous phase under am-
bient-like operating conditions using own-prepared catalysts based on Pd, Pt, Rh and Ru supported on Al-pillared 
clay. The effect of reaction temperature was also tested.

The catalysts used were prepared by impregnation of Al-pillared clay calcined at 350 ºC. The impregnation of Pd, 
Rh or Ru was carried out with PdCl2, RhCl3 or RuCl3 acidic solutions while an aqueous H2PtCl6 solution was used 
in the case of Pt. Further calcination at 500 ºC was accomplished in order to fix the active phase to the support. The 
metallic loads tested were 1% wt. Specific surface area values greater than 130 m2/g were achieved in all cases. 
The catalytic activity experiments were performed in a batch stirred glass jacketed reactor (25 ºC, 1 atm, 100 mg/L 
dye initial concentration, 1 g/L of catalyst) using a continuous H2 flow (50 mL/min). A previous reduction step of 
the catalysts was carried out for 2 h at 90 ºC under hydrogen flow. The hydrogenation process was followed from 
the evolution of the concentration of the reactant (fuchsine) measured by spectrophotometry.

Hydrogenation of fuchsine with the catalysts prepared at 25 ºC and 1 atm reached its complete removal only in the 
case of Pd catalyst. Pt catalyst yielded a removal percentage of the dye around 90% while Rh and Ru only reached 
around 65% of its removal. Parallel adsorption experiments showed that elimination of fuchsine by adsorption 
represented less than 30% in all cases. The effect of reaction temperature was carried out with the Pt catalyst. 
Complete dye removal was obtained at a reaction temperature of 40 ºC. 

[1] Fernandez, C., Larrechi, M.S., Callao, M.P. (2010). An analytical overview of processes for removing organic dyes from wastewater 
effluents. Trends Anal. Chem. 29, 1202-1211.

[2] Poerschmann, J., Trommler, U., Górecki, T., Kopinke, F. (2009). Formation of chlorinated biphenyls, diphenyl ethers and benzofurans as 
a result of Fenton-driven oxidation of 2-chlorophenol. Chemosphere 75, 772-780.

[3] Bozic, M., Kokol, V. (2008). Ecological alternatives to the reduction and oxidation processes in dyeing with wat and Sulphur dyes. Dyes 
Pigm. 76, 299-309.

[4] Wang, W., Wang, F., Kang, Y., Wang, A. (2014). Au nanoparticles decorated Kapok fiber by a facile noncovalent approach for efficient 
catalytic decoloration of Congo Red and hydrogen production. Chem. Eng. J. 237, 336-343.

[5] Jia, Z., Sun, H., Du, Z., Lei, Z. (2014). Catalytic bubble-free hydrogenation reduction of azo dye by porous membranes loaded with Pd 
nanoparticles. J. Environ. Sci. 26, 478-482.

[6] Cao, J., Wei, L., Huang, Q., Wang, L., Han, S. (1999). Reducing degradation of azo dye by zero-valent iron in aqueous solution. 
Chemosphere 38, 565-571.

[7] Molina, C.B., Pizarro, A.H., Casas, J.A., Rodriguez, J.J. (2014). Aqueous-phase hydrodechlorination of chlorophenols with pillared 
clays-supported Pt, Pd and Rh catalysts. Appl. Catal. B. 148-149, 330-338.

[8] Pizarro, A.H., Molina, C.B., Casas, J.A., Rodriguez, J.J. (2014). Catalytic HDC/HDN of 4-chloronitrobenzene in water underambient-like 
conditions with Pd supported on pillared clay. Appl. Catal. B 158-159, 175-181.

[9] Pizarro, A.H., Molina, C.B., Rodriguez, J.J. (2016). Decoloration of azo and triarylmethane dyes in the aqueous phase by catalytic hydro-
treatment with Pd supported on pillared clays. RSC Advances 6, 113820-113825.
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The valorization of oyster or mussel shells toward metakaolin-based geomaterials was investigated by XRD, SEM, 
FTIR and leaching tests. The aim is to better understand the feasibility and the reaction involved during the incor-
poration of shells (natural or calcined) into a metakaolin-based alkaline solution. Mixtures are realized by (i) the 
substitution of metakaolin aluminosilicate source by shells raw material (from 0 to 100% weight) or (ii) addition 
up to 50% weight. Substitution of metakaolin by shells was conducted without structure loss up to 40% and 30% 
addition, whether the used of oysters or mussels, thermally treated or not. In each addition or substitution, the re-
sults highlight the duality between both reactions i.e. polycondensation versus hydration. (i) using natural shells, 
only polycondensation reaction occurs due to the unreactivity of shells (interaction of shells with matrix by surface 
binding: role of aggregates or fillers); (ii) using calcined shells, coexistence of polycondensation in first followed 
(or stopped) by hydration reaction: presence of portlandite and C-(A)-S-H. Then the results show the role of cal-
cium form (carbonate versus lime; reactivity) in metakaolin-based materials. The combination with geochemical 
leaching approach made it possible to obtain a better sensitivity than the structural methods ones by apprehending 
the reactions for low substitution or addition rates. Finally, the potential reuse of shells in alkaline activate material 
is quite effective and promising.
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The ability to increase the intensity of heat transfer, especially during boiling, is one of the most remarkable prop-
erties of “nanofluids” (NFs). Nevertheless, the thermal properties of clay minerals nanodispersions did not receive 
much attention by researchers for a long time. However, the so-called natural aluminosilicates - water based NFs 
exhibit a remarkable heat transfer capacity, particularly during boiling, so that they can be promising coolants 
for Energetics, than many other types of NFs such as oxides, carbides, etc, due to their superior heat engineering 
parameters. For example, the specific heat flux (SHF) at boiling of water-aluminosilicate NFs may increase to 300-
400% compared to ordinary water and reach values  qmax = 3-4.106 W/m2, and the heat transfer coefficient (HTC) 
can exceed 40,000 W/m2K [1-7].
Prior to the preparation of nanofluids from natural aluminosilicates (clays) for heat transfer purposes there their 
thermo-physical properties and heat engineering tests were first proposed and conducted [1-7]. The purpose of this 
work was to highlight some results of the heat transfer enhancement studies during boiling of NFs, based nanodis-
persions of Ukrainian natural aluminosilicates in water.
In an automated installation powered by DC [3], the boiling curves and HTC-dependencies on the superheat values 
(ΔT) under free convection conditions for the water nanodispersions of four natural aluminosilicates - hydromica, 
montmorillonite, palygorskite and mixtures of the latter two were obtained. In addition, the effect of some factors 
on pool boiling heat transfer was also studied [1-5].
A strong influence of the shape and anisotropy of nanoparticles (NPs) to the heat transfer parameters of NFs was 
detected. The maximum values of SHF and HTC were shown by NFs, which consist of NPs mixtures with various 
shapes and high anisotropy and which form at the boiling surface of the most delicate nanostructure with the most 
developed surface area, porosity and roughness. It is most likely that high heat transfer is due to the maximum 
density of vaporization centers and the area of   heat exchange surface formed in these nanostructures [5].
The effect of a deflocculant on the heat transfer characteristics (SHF and HTC) at boiling of aluminosilicate na-
nofluids was also studied. Depending on the crystal structure of the nanoparticles and the type of electric heating 
current (AC or DC), the effect may be both positive or negative [1,2,5].
The “architecture” of nanostructures deposited on the heater surface during boiling of the nanofluids, plays an 
important role in the enhancement of heat transfer and in avoiding boiling crisis [5].
This study showed the effectiveness of aluminosilicate nanofluids for extra emergency cooling of overheated sur-
faces of powerful equipment in the event of the sudden onset of the boiling crisis [6,7].

[1] Bondarenko B., Moraru V.*, Sydorenko S., Komysh D., Khovavko A., Snigur A. (2012). Some peculiarities of heat exchange at pool 
boiling of aluminosilicates-water based nanofluids. Proceedings of the 8th International Symposium on Heat Transfer ISHT-8 October 
21-24, 2012, Beijing, China, ISHT8-04-05, pp. 181-190.

[2] Bondarenko B.I, Moraru V.N*., Sydorenko S.V., Komysh D.V., Khovavko A.I. (2012). Nanofluids for Power Engineering: Effect of sta-
bilization on the critical heat flux at boiling. Technical Physics Letters, Vol. 38, No. 9, pp. 853-857.

[3] Bondarenko B.I., Moraru V.N.*, Ilyenko B.K., Khovavko A.I., Komysh D.V., Panov E.M., Sydorenko S.V., Snigur A.V. (2013). Study of 
a heat transfer mechanism and critical heat flux at nanofluids boiling. International Journal of Energy for a Clean Environment, 14(2-3), 
151-168.

[4] Bondarenko B.I., Moraru V.N.*, Sydorenko S.V., Komysh D.V. (2015). Nanofluids for Energetics: Role of Some Colloid-Chemical 
Factors in Pool Boiling Heat Transfer. The 5th International Conference for Colloid and Interface | 21-24 June 2015, Amsterdam, the 
Netherlands, Abstract Reference Number: COLL2015_0386.

[5] Bondarenko B.I., Moraru V.N.*, Sydorenko S.V., Komysh D.V., Khovavko A.I. (2016). Nanostructured Architectures on the Heater Sur-
face at Nanofluids Boiling and Their Role in the Intensification of Heat Transfer. Nanoscience and Nanoengineering, Vol.4(1), pp. 12-22.

[6] Bondarenko B.I., Moraru V.N.*, Sydorenko S.V., Komysh D.V. (2016). Nanofluids for Power Engineering: Emergency Cooling of Over-
heated Heat Transfer Surfaces. Technical Physics Letters, Vol. 42, No. 7, pp. 675-679.

[7] Bondarenko B.I., Moraru V.N*., Sydorenko S.V., Komysh D.V. (2016). Nanofluids for Power Engineering: Emergency Cooling of Over-
heated Heat Transfer Surfaces. SpringerLink page Nano&SpringerMaterials http://link.springer.com/article/10.1134/S106378501607004X 
) DOI 10.1134/S106378501607004X.
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Recycling processes have long been researched in the ceramic industry, contributing this way to diversify the offer 
of raw material and reducing in turn the costs of production [1]. Lightweight aggregates (LWAs) are granular mate-
rials of great porosity and low density, which are widely used in construction materials, agriculture, environmental 
and civil engineering purposes. Even though LWAs can have a natural origin, a meaningful number of studies have 
demonstrated that LWAs can be artificially manufactured from wastes [2].

In the present study, three different residues have been assessed for LWA manufacturing: granite and marble sludge 
as main component (COR), sepiolite clay rejections (SEP) and carbon fiber wastes (FC). As the sample COR was 
essentially non-plastic, the addition of a relatively low proportion of SEP clay had positive effects in the work-
ability of the paste. Thus, the mineral base was comprised in all cases by a mixture of 10% SEP with 90% COR 
(w/w). In turn, 0, 2.5, 5 and 10% (w/w) of FC in the form of powder <500 µm was added to check its suitability 
as a bloating agent. The mixtures were milled, kneaded with water, extruded, shaped into pellets, oven-dried and 
finally fired at 1100, 1125 and 1150 °C for 4, 8 and 16 minutes in a rotary kiln. The sintering behavior observed was 
different depending on the composition. Thus, in the case of those specimens not containing FC, neither bloating 
effect was observed. Despite this, the LWA sintered without FC at the minimum time (4 min) and temperature of 
firing (1100 °C) presented the higher value of water absorption (24.2%). A water suction capability test pointed 
out that this LWA could be suitable in hydroponics and/or water filtration systems, even better than the commercial 
LWA Arlita G3, due to its microporous structure.

Concerning those aggregates containing FC, the behavior of granules during firing varied depending on the pro-
portion of FC and the temperature, but in any case, all of them were lightweight. Furthermore, the addition of FC 
not only implied lightness and expansiveness, but also the development of a singular internal structure in which 
unburnt carbon fibers were embedded, exerting an extra reinforcing effect. Thus, at 1100 °C even though no im-
portant changes in density were observed, enhancements in mechanical strength (values around 10 MPa) were 
achieved mainly with 5% and 10% of FC in the mixture. At 1125 °C pore formation was promoted especially with 
2.5% and 5% of FC, and meaningful compressive strength measurements were recorded in some varieties (>10 
MPa). Only two sorts of LWAs could be sintered at 1150 °C because FC fostered melting at this temperature. These 
two ones were fired for 4 min with 2.5% and 5% of FC, achieving a significant bloating effect linked to a great 
porosity and a very low density. A large number of these LWAs hold excellent properties to be used in concrete 
manufacturing. 

[1] Menezes, R.R., Ferreira, H.S., Neves, G.A., Lira, H.d.L., Ferreira, H.C. (2005). Use of granite sawing wastes in the production of ceramic 
bricks and tiles. J. Eur. Ceram. Soc. 25(7), 1149-1158. doi:10.1016/j.jeurceramsoc.2004.04.020. 

[2] Dondi, M., Cappelletti, P., D’Amore, M., de Gennaro, R., Graziano, S.F., Langella, A., Raimondo, M., Zanelli, C. (2016). Lightweight 
aggregates from waste materials: Reappraisal of expansion behavior and prediction schemes for bloating. Constr. Build. Mater. 127, 394-
409. doi:10.1016/j.conbuildmat.2016.09.111.
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Lapacholis a natural product, chemically identified as anaphthoquinone, extracted from various species of plants 
of the bignoniciae family; found in the Brazilian northern and northeastern regions. β-lapachone (βLAP), is a 
drug that has antiviral, antiparasitic, antitumor and anti-inflammatory properties showing promising potential in 
various biomedical applications1. However, βLAP(0.038 mg mL-1) has low water solubility that limits its systemic 
administration and clinical applications in-vivo. Nanocomposite (NC) hydrogel nanoparticles within a hydrated, 
polymeric gel matrix, are offering increasing uses in the biomedical field, which may simply arise from the added 
properties of the bulk and the dispersed phase, but also based on specific features imparted by the additional junc-
tion points formed as the polymer chains adsorb onto the nanoparticle surfaces, leading to new characteristics such 
as improved mechanical properties, elasticity and the sol-gel transition. Tetronic®, or poloxamine is an amphiphilic 
four-arm (X-shaped) block copolymer of poly(ethylene oxide)-poly(propylene oxide)-poly(ethylene oxide) (PEO-
PPO-PEO) with a pH-sensitive central ethylene diamine spacer 2, 3. Tetronics focused on here are T1304, T904 and 
T90R4 (reverse Tetronic®), varying in EO/PO ratios. Laponite nanoparticles are disk-like synthetic clays, with an 
empirical formula of Na+

0.7[(Si8Mg5.5Li0.3)O20(OH)4]
-0.7. Laponite surfaces exhibit negative charges whereas the 

edge charges are pH dependent4.

The objective of this project was the development of a multifunctional platform to be used as a nanotechnological 
system using polymeric micelles prepared with the copolymer Tetronic® with or without the presence of LAP. 
Thus, different Tetronics were used in varying in proportions of EO/PO and Laponite RD (LAP), a synthetic clay 
widely used as a rheological modifier.

Samples were prepared by simple mixing or dispersion of components with different concentrations of the poly-
mers, T904, T90R4 e T1304 (1 to 20% (w/w))with or without 3% (w/w) LAP. The parameters studied were: (i) 
structural description of Tetronic® micelles and formulations with or without Laponite, being evaluated the Phase 
behavior (in the interval of 20 - 80 °C) and analysis of physico-chemical aspects, through the evaluation of the 
hydrodynamic radius and polydispersity index (PDI) by Dynamic Light Scattering; (ii) partitioning of the ß-LPC 
in thehybrid and micellar systems. The ß-LPC was quantified by spectrophotometry in UV/VIS at 25 7 nm. The 
results showed a strong influence of the temperature and concentration of the polymer in the formation of the giant 
micelles and the hybrid hydrogels. At high temperature, it was observed the formation of gels associated with an 
increased size of the micelles. Tetronics® are capable of modulating the gelation of the formulations in the presence 
of LAP, because the polymer chains are adsorbed onto their surfaces. However, samples containing reverse Tetron-
ic® (T90R4), with the PPO units in the outer portion of the structure, and the direct Tetronic® T1304, in presence of 
the LAP promoted the formation of stronger samples than others. Additionally, the samples containing a mixture 
ofT1304 with 3% de LAP demonstrated greater ß-LPC solubilization capacity in all concentrations evaluated at 
natural pH. The solubility was increased33.4x when compared to water´s solubility. It is believed that all aspects 
of this study are relevant to the potential development of therapies based on Tetronic® and hybrid systems prepared 
with Tetronic® 1304 and LAP. Thus, it intended to prove that Tetronic® associated with LAP or not could be an 
attractive multifunctional platform for cancer therapy using ß-LPC.

[1] da Silva Júnior E.N., de Souza M.C., Pinto A.V., Pinto M. do C., Goulart M.O., Barros F.W., Pessoa C., Costa-Lotufo L.V., Montenegro 
R.C., de Moraes M.O., Ferreira V.F. (2007). Synthesis and potent antitumor activity of new arylamino derivatives of nor-β-lapachone and 
nor-α-lapachone. Bioorganic & Medicinal Chemistry, 15, 7035-7041.

[2] Chiappetta, D.A., Sosnik, A. (2007). Poly(ethylene oxide)-poly(propylene oxide) block copolymer micelles as drug delivery agents: 
improved hydrosolubility, stability and bioavailability of drugs. European Journal of Pharmaceutics and Biopharmaceutics, v. 66, 303-17.

[3] Duncan, R., Vicent, M.J. (2013). Polymer therapeutics-prospects for 21st century: The end of the beginning. Advanced Drug Delivery 
Reviews, 65, 60-70, 1.

[4] Sun K., Raghavan S.R. (2010). Thermogelling aqueous fluids containing low concentrations of Pluronic F127 and laponite nanoparticles. 
Langmuir; 26, 8015-8020.
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MODELING AQUEOUS SOLUBILITY OF SODIUM CHLORIDE IN CLAYS 
AT THERMODYNAMIC CONDITIONS OF HYDRAULIC FRACTURING BY 
MOLECULAR SIMULATIONS
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To address a high salinity of flow-back water during hydraulic fracturing we study equilibrium partitioning of 
NaCl and water between bulk saturated solution and clay pores. We use an advanced Grand Canonical Monte 
Carlo (GCMC) technique [1] based on fractional exchanges of dissolved ions and water molecules. We consider a 
typical shale gas reservoir condition of 365 K and 275 bar, and we represent clay pores as neutral pyrophyllite and 
Na-montmorillonite (MMT) slits of the width ranging from about 0.7 to 2.8 nm. We employ the Joung-Cheatham 
model for ions [2], SPC/E model for water and CLAYFF [3] for the MMTs. We first determine chemical potentials 
of the ions and water in the bulk phase using Osmotic Ensemble Monte Carlo simulations [4]. The chemical po-
tentials are then used in GCMC to simulate adsorption of ions and water molecules in the clay pores, and in turn 
to predict the salt solubility, i.e., ion concentrations, in the confined solutions. Besides thermodynamic properties, 
we evaluate the structure and in-plane diffusion of the adsorbed fluids, and conductivities of ions.

Our molecular simulations show that the overall concentrations of adsorbed ions in the clay pores are lower with 
respect to the bulk phase. The Na-MMT with hydrophilic pore walls can adsorb more water than the slightly hy-
rophobic pyrophyllite. On the other hand, the Na-MMT pores exhibit lower concentrations of adsorbed ions when 
compared with the pyrophyllite pores of the same width due to the presence of compensating sodium ions on the 
Na-MMT surface. Atomic density profiles used to investigate the distributions of ions and water molecules in the 
clay pores show a progressive formation of one-layer, two-layer, and two-layer plus bulk-like layer structures de-
pending on the width of the pores. For wide pores with the bulk-like layer in the middle, the ion concentration can 
be expressed as a sum of contributions from the surface and bulk-like layers proportional to the relative widths of 
these layers. As regards diffusion of ions and water, in pyrophyllite, it tended to be slightly faster than in the bulk 
phase; in Na-MMT, the effect is opposite due to the presence of compensating sodium ions on the clay surface. 
Ion conductivities then reflect combined effects of variation of the ion self-diffusion coefficients and ion concen-
trations.

[1] Moučka F., Bratko D., Luzar A. (2015). Electrolyte pore/solution partitioning by expanded grand canonical ensemble Monte Carlo sim-
ulation. J. Chem. Phys. 142, 124705.

[2] Joung I.S., Cheatham T.E. (2008). Determination of Alkali and Halide Monovalent Ion Parameters for Use in Explicitly Solvated Biomo-
lecular Simulations. J. Phys. Chem. B 112, 9020.

[3] Cygan R.T., Liang J.-J., Kalinichev A.G. (2004). Molecular models of hydroxide, oxyhydroxide, and clay phases and the development of 
a general force field. J. Phys. Chem. B 108, 1255.

[4] Moučka F., Lísal M., Škvor J., Jirsák J., Nezbeda I., Smith W.R. (2011). Molecular Simulation of Aqueous Electrolyte Solubility. 2. 
Osmotic Ensemble Monte Carlo Methodology for Free Energy and Solubility Calculations and Application to NaCl. J. Phys. Chem. B 
115, 7849.
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CLAY MINERALS OF UPPER VISEAN AGAB OU ISSAWI FORMATION 
(CENTRAL MOROCCO): DIAGENETIC, CLIMATE AND TECTONIC 
SIGNATURES
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The Jebel Agab Ou Issawi Formation is exposed in the eastern part of central Morocco. It’s located at the North 
of Mrirt city, less than two kilometers to the east of secondary road S331 connecting Meknes to Khenifra. This 
Formation rests in angular unconformity on the Devonian series. It is composed of diversified facies, argillites, 
olistoliths, limestone tempestites, polygenic conglomerates and sandy limestones. These facies vary laterally and 
vertically [1]. The aim of this work is to determine the clay mineral composition of these deposits and to specify 
their diagenetic, climatic and tectonic signatures.

The qualitative and semi-quantitative analysis of the X-ray diffractograms shows that these samples are composed 
of simple clay minerals, illite, chlorite, kaolinite, vermiculite and mixed layer clay minerals, illite-chlorite and 
illite-vermiculite.

Towards the top of the section, the distribution of the various Clay minerals shows the abundance of inherited clay 
minerals (illite, kaolinite), which can be interpreted as the result of surface alteration of the silicate minerals of a 
back land which feeds a carbonate platform under a tropical climate, warm and humid, during the Upper Viséan. 

To the depth, the gradual increase in pressure and temperature conditions favors the effects of burying diagenesis, 
which on the one hand causes the disappearance of sensitive kaolinite under such conditions, and on the other hand 
allows the appearance of mixed layer clay, illite-chlorite and illite-vermiculite which are more stable under these 
new conditions. 

The representation of the illite crystallinity as a function of the ratio I002 / I001 of the illite on the Esquevin dia-
gram show that the majority of points are localized in the diagenesis and anchizona area, indicating that the degree 
of metamorphism that affected this Formation is too low. Exceptionally, on the same diagram, four samples are 
located in the epizona area, indicating an increase in pressure and temperature probably related to the tectonic ac-
tivity of the faults. Such a transformation was, however, at the origin of the disappearance of the minerals sensitive 
to the increase of pressure and of temperature like the kaolinite and the appearance of new clay minerals stable 
under these conditions. Moreover, the ratio I002 / I001 of the illites is greater than 0.3, indicating a aluminous 
character of the illites and a strong evolution of the sediment [2].

The study of the evolution of the clay minerals assemblage along the Agab Ou Issawi Formation (Bouchbel, cen-
tral Morocco) shows that the sedimentary stacking of this Formation took place in a tropical climate, warm and 
humid, and evolved under low diagenetic conditions indicating a low burial (<4000 m).

[1] Mounach H. (2015). Analyse pétrophysique et évolution diagénétique des dépôts carbonatés du Viséen supérieur d’Agab Ou Isawi, Maroc 
central impact sur les propriétés et la qualité de réservoir. Mém. Master Géosciences, Université Moulay Ismail, Meknès, 116p.

[2] Esquevin J. (1969). Influence of the chemical composition of illites on their crystallinity, Bull. Center Rech. Pau-S.N.PA., T. 3, pp. 147-
153.
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Despite being still in its infancy, research exploring the potential of clay nanoparticles in regenerative medicine 
is currently receiving a growing interest and suggests new unexplored opportunities for biomaterial design and 
enhanced tissue regeneration. For instance, recent studies have demonstrated the ability of Laponite-clay nano-
particles to self-organize into injectable microenvironments able to host and stimulate stem cell growth and dif-
ferentiation for tissue regeneration [1,2]. Furthermore, it has been shown that Laponite nanoplatelets alone can 
induce in vitro osteogenic differentiation of human bone marrow mesenchymal stem cells (hMSCs) and human 
adipose derived stem cells (SSEA-4+hASCs) without the need of any external growth factors such as BMP-2 or 
dexamethasone [3,4]. However, relatively little attention has been given to the role of clay mineral structure/com-
position in influencing such clay - stem cell interactions. Regarding Laponite, its degradation products: Si(OH)4, 
Mg2+, and Li+, are each known to influence osteogenic cell function. Lithium, in particular, is known to modulate 
the canonical Wnt signalling pathway through the inhibition of GSK3β and stimulates osteogenic differentiation 
of responsive population [5].

In this work, various Li+-modified Laponite formulations have been successfully generated in collaboration with 
BYK-ALTANA. The XRD, XRF, AAS and chemical analysis confirmed that standard, low and high structural 
Li+ Laponite clay have been successfully synthesized, followed by efficient Li+ exchange reactions producing 
Laponite nanoparticles with Li+ content ranging from 0 to 9.9 g/kg. Modified clay formulations were biologically 
investigated to shed the light on clay-enhanced osteogenesis. Human bone marrow stromal cells (HBMSCs) were 
cultured in contact with various concentrations of the tailored clay nanoparticles, as culture media additives, and 
assessed for cell viability, proliferation and osteogenic differentiation in response to structural and cation-ex-
changed lithium modifications of Laponite. 

The effect of Laponite nanoparticles, dispersed in tissue culture media, on HBMSC viability and proliferation 
was evaluated via the WST-1 assay and showed high cytocompatibility at concentrations of dispersed Laponite 
up to 1 mg/ml. Addition ofunmodified Laponite nanoparticles in the tissue culture media (up to a concentration 
of 100 μg/ml) increased expression of the osteogenic genes (ALP, RUNX2, Collagen I, Osteocalcin, Osteopontin 
and Osteonectin), increased alkaline phosphatase enzyme activity and enhanced calcium phosphate deposition. 
Interestingly structurally modified Laponite formulations slightly attenuated osteogenic differentiation of clonal 
(CFU-F) cultures of HBMSCsirrespective of Li+ content suggesting a mechanism independent of the Li+ content of 
the clay mineral. Other clay chemistries such as surface charge, particle size and Cation Exchange Capacity may 
play a role in modulating the osteogenesis of hMCSs. Such studies seeking to elucidate the mechanism behind 
clay-enhanced stem cell ostegenesis are ongoing.

[1] Dawson, J.I., Kanczler, J.M., Yang, X.B., Attard, G.S. & Oreffo, R.O.C. Clay gels for the delivery of regenerative microenvironments. 
Adv. Mater.23, 3304-3308 (2011).

[2] Dawson, J. I. & Oreffo, R.O.C. Clay: New opportunities for tissue regeneration and biomaterial design. Adv. Mater.25, 4069-4086 (2013).
[3] Gaharwar, A.K. et al. Bioactive silicate nanoplatelets for osteogenic differentiation of human mesenchymal stem cells. Adv. Mater.25, 

3329-3336 (2013).
[4] Mihaila, S.M. et al. The osteogenic differentiation of SSEA-4 sub-population of human adipose derived stem cells using silicate nano-

platelets. Biomaterials35, 9087-9099 (2014).
[5] Hedgepeth, C.M. et al. Activation of the Wnt signaling pathway: a molecular mechanism for lithium action. Dev. Biol.185, 82-91 (1997).
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The ceramics sector in Tunisia includes 49 brick manufacturing plants, 101 artisanal bricks plants, 15 earthenware 
factories and 10 sanitary units. The consumption of clay in Tunisia in this activity is about 9 million tons per year 
distributed among the brick, earthenware, sanitary, refractory, binders and artisanal pottery sectors. Tunisia mines 
the sedimentary clay levels extending from the Triassic to the Pliocene and imports almost 149 thousand tons of 
clay per year, to meet this demand.

We have carried out research from the South to the North of Tunisia covering the entire stratigraphic series 
(Jamoussi, 2001, Hajjaji et al., 2010, Hachani 2011, Moussi et al., 2011).

The clay levels of the sedimentary series which contain illite, kaolinite, halloysite and which are likely to be used 
in ceramics are: clays of the Triassic of the Saharan platform, clays of the Lower Cretaceous over all Tunisia, clays 
of the Oligocene and Eocene of northern Tunisia and some clays of the Mio-Pliocene of northern Tunisia.

We performed a large sampling in the studied levels. These clays have undergone a physic-chemical identification 
including a mineralogical, geochemical study of the major elements, infrared spectroscopy, DTA-TGA and the 
determination of plasticity. We have also carried out ceramic tests with the studied clays. In this way, we have 
prepared bricks and ceramics on the scale of the laboratory, on which we have performed ceramic tests including 
the determination of the Bigot curve, the dilatometric curve, bending tests, compression tests and porosity tests on 
the manufactured parts.

The laboratory and semi-industrial technological tests were moreover carried out on the clays in order to decipher 
their ceramic potential. These analyses show that the Paleocene, Eocene and Oligocene clays give very satisfactory 
results in the production of bricks. The Triassic and lower Cretaceous clays are used for the manufacture of ceramic 
tiles. Some of them have given good results in both the production of bricks and the manufacture of ceramic tiles.

Acknowledgements: this study was supported by funding from MEDYNA: “FP7-Marie Curie Action funded under Grant Agreement PIRS-
ES-GA- 2013-612572” and by the cooperation WBI Project between Tunisia and Belgium “Valorisation des argiles naturelles”.
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Cobalt blue (CoAl2O4) is an eco-friendly inorganic colored pigment with an intense blue color prepared by sinter-
ing cobalt(II) oxide with alumina at high temperature [1]. Due to the high refractive index, good chemical stability, 
excellent weather ability and thermal stability, cobalt blue is widely applied in the various fields of ceramics, 
plastics, paint, rubber and glass [2]. However, the high production cost of cobalt blue severely limits their wide ap-
plications owing to the scarcity in nature of cobalt ores. In addition, cobalt blue prepared by traditional solid-phase 
method is always associated with undesired by-products, [3] which decrease its color property and environmental 
stability. In recent years, substrate-based inorganic hybrid pigments have received much attention based on the 
hybrid principle between inorganic pigments and inorganic substrates [4-6]. Due to the abundance in nature, low-
cost, non-toxic and unique structure features, clay minerals can be served as a excellent substrate materials for 
loading of inorganic nanoparticles. Thus our groups firstly prepared cobalt blue hybrid pigments incorporating of 
clay minerals by co-precipitation method followed a calcination process [7,8]. It confirmed that the incorporation 
of clay minerals was a feasible strategy to decrease the production cost of cobalt blue hybrid pigments, but the 
introduction of clay minerals affected the chroma of cobalt blue. Therefore, it is necessary to study this negative 
effect to fabricate the high-grade cobalt blue pigment with low-cost and excellent color performance.

In this work, we systematically investigate the effect of different clay minerals on the color property of cobalt 
blue, including attapulgite, sepiolite, halloysite, kaolin, illite-smectite clay, montmorillonite, and mullite. It was 
found that the characteristic diffraction peaks of clay minerals disappeared from the XRD patterns of the hybrid 
pigments, and the diffraction peaks located at 2θ = 31.1, 36.8, 44.8, 49.0, 55.5, 59.2, 65.2 corresponded to (220), 
(311), (400), (331), (422), (511) and (440) plane of spinel CoAl2O4, [9] indicating that the type of clay minerals al-
most had no effect on the crystalline phase of CoAl2O4. In addition, the cobalt blue nanoparticles with a diameter of 
about 10~20 nm were well coated on the surface of clay minerals. It suggested that the introduction of clay miner-
als could effectively prevent from the agglomeration and the size increase of cobalt blue nanoparticles during high 
temperature crystallization process. However, the color property of hybrid pigments was dependent on the type of 
clay minerals, which was mainly ascribed to difference in the composites and thermal stability of clay minerals. 
The high aluminum content of clay minerals is favor of enhancing the color property of hybrid pigments, and the 
value of b* could reach -55, which was superior to the reported ones. It is expected to prepare the high-grade cobalt 
blue with low-cost and excellent color property by incorporating of the appropriate clay minerals.

Acknowledgments: the authors gratefully acknowledge the support of the Youth Innovation Promotion Association of the Chinese Academy 
of Sciences (No. 2017458) and the Region Key Program of Science and Technology Service Network Initiative of the Chinese Academy of 
Sciences.
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In this study, electrode coating based on sodium dodecyl sulfate (SDS) bound to smectite clay was synthesized 
and characterized. In order to enable SDS bonding to clay surface, the acid modification of clay was previously 
performed at 90 ºC for 2 h. The acid modification changed surface charge of smectite into positive, thus enabling 
electrostatic interaction with negative sulfate ions from SDS. The presence of SDS in SDS/acid modified smec-
tite (SDS/AMS) structure was confirmed by elemental analysis. SEM analysis revealed the morphology of the 
obtained sample. Glassy carbon electrode (GCE) was modified with a suspension of the synthesized SDS/AMS 
and Nafion® solution (GCE-SDS/AMS) and a uniform film was obtained [1]. The electrochemical behaviour of 
nicotine was tested with modified GCE using cyclic voltammetry. It has been shown previously that the electro-
chemical response of nicotine on carbon based electrodes can be improved by adding SDS into electrolyte solution 
[2]. On the other hand, clays have the ability to preconcentrate analytes because of their porous structure and the 
presence of potential active sites [3]. Acid activated clays can be modified with SDS [4]. Therefore, the aim of 
this study was to investigate the influence of SDS bound to smectite on the electrochemical behaviour of nicotine. 
Britton-Robinson (BR) (0.1 M) supporting electrolyte buffer solutions in the pH range from 2.0-10.0 was used for 
preparing the supporting electrolyte of nicotine. The influence of the pH of the supporting electrolyte, scan rate 
and accumulation time were investigated and discussed. The GCE-SDS/AMS exhibited similar electrochemical 
behaviour in comparison with the bare GCE but with the differences in the intensity and position of peak corre-
sponding to nicotine oxidation. The intensity of the oxidation peak was lower on the GCE-SDS/AMS that on the 
bare GCE. In contrast, the onset and peak potentials were significantly shifted towards less positive values on the 
GCE-SDS/AMS comparing with the bare GCE. On the other hand, the nicotine peak intensity increased gradually 
as the accumulation time increased. Therefore, selecting the appropriate accumulation time the sensitivity of the 
GCE-SDS/AMS can be improved. The above results demonstrate the possibility of use the synthesized SDS/AMS 
in the nicotine electrooxidation process.

Acknowledgment: This work was supported by the Ministry of Education, Science and Technological Development of the Republic of Serbia 
(Project No. III 45001).
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REVERSIBLE MODIFICATION WITH DIPODAL LIGANDS
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Brucite-type metal hydroxides, composed of various divalent transition metal cations, are promising precursors for 
nanosheets with diverse functions; however, their intercalation and exfoliation are relatively difficult because of their 
nonexistent or very low layer charges. Recently, we have reported that interlayer modification of brucite-type metal 
hydroxides with tripodal ligands, such as tris(hydroxymethyl)aminomethane (H2NC(CH2OH)3; Tris-NH2) through a 
tridentate alkoxy bonding, being stable to hydrolysis even in water [1]. The hybrid metal hydroxides can intercalate 
various organic molecules and can be exfoliated in water because of weakened interlayer interactions, though the 
immobilized organic groups seem to prohibit adsorption of substrates directly on inorganic sheets, which is disadvan-
tageous for their use as catalysts, adsorbents, and so on. Thus, it is better to remove surface functional groups after the 
formation of hybrid nanosheets, and we have also reported that a bidentate alkoxy bonding is formed in organic sol-
vents and the bidentate bonding is hydrolyzed in water [2]. Here, we report reversible modification of brucite layers 
with a dipodal ligand. The ligand can be immobilized in an organic solvent and removed in water. We also found for 
the first time that turbostratic brucite, which is also exfoliated in water, is obtained after the removal of dipodal ligand 
from the hybrid nanosheets. Dimethyl sulfoxide (DMSO) containing a small amount of H2O was used for the synthe-
sis of brucite modified with a dipodal ligand (2-amino-1,3-propanediol; H2NCH(CH2OH)2;Bis-NH2). The solutions 
of MgCl2·6H2O and Bis-NH2 were mixed and stirred at specified temperature. The gelled product was separated by 
filtration, washed with methanol twice, and dried at 80 ºC for 12 h (Mg-Bis-NH2). The dipodal ligand was removed 
from Mg-Bis-NH2 by dispersing it in deionized water, followed by centrifugation. Mg-Bis-NH2 has a pseudo-hex-
agonal lattice with a turbostratic structure because the powder XRD pattern is almost the same as that of the hy-
brid magnesium hydroxide modified with Tris-NH2 reported previously by us [1]. The13C CP/MAS NMR spectrum 
showeda downfield shift of the signal due to methylene carbon of Bis-NH2, indicating the formation of the bidentate 
alkoxy bonding with brucite layers. In contrast, when the same reaction was conducted in water, only non-modified 
brucite was formed, indicating the critical role of the controlled amount of water to suppress the hydrolysis of alkoxy 
bonds. WhenMg-Bis-NH2was dispersed in water, the dipodal ligands were hydrolyzed and completelyremoved from 
the layer surface of brucite. The amount of nitrogen, related directly to the amount of Bis-NH2, decreased from 4.7 
wt% to the level underthe detection limit. Although 2.1 wt% of carbon was detected even after the treatment, this 
carbon was probably ascribed to adsorbed carbonate ions because C-O stretching vibrations due to carbonate were 
observed in the FTIR spectrum. Consequently, Bis-NH2 was completely removed by the treatment. Interestingly, a 
new diffraction peak was observed, even though most of the diffraction peaks are attributable to conventional bru-
cite (JCPDS #44-1482). The new peak at d = 0.51-0.52 nm, slightly larger than the normal basal spacing of brucite 
(0.48 nm), should be attributed to the basal spacing of the product. Also, the ED pattern of the Mg-Bis-NH2 treated 
with water was ring-like, suggesting turbostratic stacking of brucite nanosheets. When brucite has the usual basal 
spacing, surface hydroxy groups are regularly interdigitated; however, the interdigitated configuration should not be 
formed when they are randomly stacked. Thus, the slight increase in the basal spacing is reasonable. This compound 
composed of randomly stacked brucite nanosheets was easily swollenin water. In addition, theywere re-exfoliated in 
water via ultrasonication. The AFM images of spin-coated brucite nanosheets showed a sheet-like particle with the 
thickness of ca. 0.5 nm. In conclusion, dipodal ligand is a useful organic modifier for brucite-type metal hydroxides. 
It is immobilized on it in organic solvents, and removed in water. These processes lead to the formation of turbostrat-
ic nonmodified brucite which is swollen with water and exfoliated into nanosheets. The behaviour is totally different 
with conventional brucite, which open a new field of layered metal hydroxides.

[1] Kuroda Y., KoichiT., Muramatsu K., Yamaguchi K., Mizuno N., Shimojima A., Wada H., Kuroda K. (2017). Direct Synthesis of Highly 
Designable Hybrid Metal Hydroxide Nanosheets Using Tripodal Ligands as One-Size-Fits-All Modifiers. Chem. Eur. J., in press.

[2] Muramatsu K., Kuroda Y., Nakano Y., Koichi T., Shimojima A., Wada H., Kuroda K. (2016). Efficient interlayer modification of brucite 
with tripodal ligands using organic solvents. The 3rd Asian Clay Conference.



Scientific Research Abstracts
Vol. 7, p. 564, 2017
ISSN 2464-9147 (Online)
XVI International Clay Conference | ICC 2017 | Granada, Spain
© Author(s) 2017. CC Attribution 3.0 License

INTERACTION OF SUGAR CANE VINASSE AND CLAYEY SOIL IN THE 
NORTHWEST OF URUGUAY
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Since the middle of the 20th century, sugar cane has been cultivated in Bella Unión, Uruguay. Initially only sugar 
was produced, but recently approved fuel government policy promotes and regulates ethanol addition to fuel. 
Alcohol production generates 10 to 15 vinasse per litre of ethanol. This sugar industry efluent contains organic 
matter as well as K, N, and P among other elements, so could be used as a soil nutrient source. Some experience 
using vinasse fertigation was developed in tropical soils in Cuba and Brasil, among others. However in temperate 
(?) climate soil less research has been published. In particular in Uruguay this technique has been implemented 
recently for the first time. The environmental protection agency of Uruguay has demanded research about soil 
response to vinasse fertigation.

The research was developed in two typical soils in the sugar cane area. One of them (L1) is a clayey soil, with an 
argillic B horizon, developed over Quaternary sediments of the Libertad Formation. The second soil (B1) is a clay-
ey sand soil, developed over Cretaceous basalt of the Arapey Formation. These kinds of soils occupy 30 percent of 
the sugar cane area. Four sites of each soil were selected to spread vinasse in different concentrations by hectare: 
0, 150 m3, 300 m3, 450 m3. Before vinasse was spread, soil samples were collected for physical and mineralogical 
analysis in laboratory. Hydraulic conductivity in field using double ring methods was measured and soil solution 
was collected with lisimeter at 20 cm and 40 cm deep to analyse cations, pH and electrical condutivity (EC) as base 
line. After vinasse application, 4 to 6 soil and soil solution samples were collected for 12 months to evaluate chem-
ical transport through the soil. In laboratory, the soil physics, cation exchange capacity (CEC) and X-ray diffrac-
tion (XRD) mineral analysis were performed. Hydraulic condutivity was developed in constant head with water. 

The L1 sandy clay loam to clay soil with 1.6%(?) of organic matter in A horizon contains CEC values of 13 to 24 
cmolc/kg with calcium and magnesium as main exchange cations. Clay mineralogy is a mixture of smectite and 
illite with a low amount of kaolinite. The B1 clay loam to sandy clay loam with 3.9%(?) of organic matter in A ho-
rizon contains CEC values of 24 to 31cmolc/kg, also with calcium and magnesium as main exchange cations. Clay 
mineralogy is mainly smectite with low amounts of illite. Hydraulic conductivity in field was 1x 10-7 m/s to 5 x10-8 
m/s and 1x 10-7 m/s to 8 x10-7 m/s for L1 and B1 respectibility. In laboratory, L1 and B1 hydraulic conductivities 
were lower than 10-10 m/s. In L1 sites, pH values were between 6 and 7 in all sites during the test. The EC values 
in the different L1 sites were greater than base line values, but within a few months the values of the different sites 
were similar to 0 vinasse application site. In B1 sites, soil pH values were between 6.5 and 7 in all sites during the 
test. The EC values in the different B1 sites had greater values than baseline, but these values were lower than the 
L1 site values. Like L1, after a few months the pH and EC values of the different sites were similar to the 0 vinasse 
application site. The medium to high CEC and the clay content were responsable for cation adsorption and low 
transport through soil horizont.

The soils analysed had different behaviours caused by differences in inorganic composition. After one year appli-
cation no increase was observed in K concentration, hydraulic conductivity or pH. To evaluate long time effects of 
vinasse fertigation in physical and chemical soil properties, monitoring should be continued.

Acknowledgements: the authors acknowledge the financial support provided by ANCAP-CSIC program of Universidad de la República, Uru-
guay. This paper is published with the permission of Alcoholes del Uruguay-ALUR.

Keywords: vinasse, clay soil, adsorption, hydraulic conductivity. 



Scientific Research Abstracts
Vol. 7, p. 565, 2017
ISSN 2464-9147 (Online)
XVI International Clay Conference | ICC 2017 | Granada, Spain
© Author(s) 2017. CC Attribution 3.0 License

LIBERTAD CLAY: POTENTIAL USE IN ENVIRONMENTAL CLAY 
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Clay barriers have been frequently used in environmental protection in the last decades and clayey formations are 
used as alternative or complement to develop wastewater treatment lagoons and landfill. Hydraulic conductivity 
lower than 10-9 m/s and granulometric size without cobbles are the main properties required by environmental 
legislation in different countries. However, there are no recommendations about clays composition or adsorption 
clay capacity. Clayey soil areas are explored to obtain raw material or to locate landfill and treatment lagoons.

Libertad formation is a Quaternary clayey and silty clayey sediments very common in the south of Uruguay which 
overlay Precambrian (igneous and metamorphic) rocks, sedimentary rocks and Cenozoic sediments. Libertad for-
mation was studied in the last decades because it shrinks when dry and swells when wet. This behaviour produced 
damage to civil infrastructures generating economic losses. Libertad clay is mainly composed of smectite, with 
small amounts of illite and little kaolinite. With this initial knowledge, we evaluated the behaviour of Libertad 
formation for its use as a natural and compacted clay barrier.

Two different sites near Libertad city were analysed. Samples were taken using an auger at every 0.5 m until 3 m 
depth. Undisturbed samples were obtained at 1, 2 and 3 m depth. Soil clasificacion using Soil Unified Classifica-
tion System was developed and dry unit weight, porosity, moisture, specific gravity were determined. Clay miner-
alogy was determined using X-ray diffraction and cation exchange capacity (CEC) by acetate ammonium method. 
Hydraulic conductivity was determined in the laboratory by the constant head method.

At Site 1, all samples have low sand content (1-3%) and similar silt (43-61%) and clay (36-55%) contents. Soils 
are Lean clay CL, Fat clay CH, Elastic silt MH. CEC soil values were 25 to 41cmol/kg and the clay fraction was 
composed of smectite and illite. At Site 2, all surface samples have low sand content (2-4%) which increased with 
depth up to 15%. Silt content (58-61%) was higher than clay (39-48%). Soils in different depths are Lean clay 
CL. CEC soil values ranged from 23 to 33 cmol/kg and clays were composed of mostly smectite, with medium to 
low illite content. Hydraulic conductivity values at both sites are lower than 10-9 m/s as is required by differents 
environmental regulations. Today Libertad formation is used as barrier, but it has not data published about hydrau-
lic properties or perfomance. Then, the values obtain in this research show that the Libertad clay has hydraulic 
conductivity and adsorption capacity that it could be used as clay barrier in order to protect soils and groundwater.

Acknowledgements: The authors acknowledge the financial support provided by Maria Viñas Grants FMV-104174-ANII-Uruguay (Research 
and Innovation National Agency of Uruguay).
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We have found the orientation of colloidally dispersed inorganic nanosheets can be changed by radiation pressure 
of a focused laser beam [1]. However, the induced orientation of nanosheets are still not clear. In this study, we 
systematically investigated the orientation of the inorganic nanosheets at a focal point.

Nanosheet colloids consisting of niobate nanosheets with a lateral size of ~1.6 mm were prepared at concentra-
tions of 2.5, 5.0 and 10 g/L. The colloids were mixtures of isotropic and liquid crystal phases. Niobate nanosheet 
colloid sample was injected to a thin-layer cell which made by a glass slide and a cover glass with a spacer of 100 
μm. A linearly polarized laser beam (λ = 532 nm, 100 mW) was irradiated to the samples mounted on a polarized 
microscope through an objective (x25, N.A. = 0.4). The polarization direction of the irradiated laser beam was 
controlled by rotating a half wave plate. The orientation of niobate nanosheets at a focus was evaluated from the 
brightness of polarized microscope images 

When the angle between polarization directions of a laser beam and polarizer or analyser was 45°, the bright spot 
was observed at a focal point. This observation indicated that the niobate nanosheets were directed to 45° with 
respect to the polarizer or analyser of polarized microscope by polarization of laser beam. On the other hand, 
when the angle was rotated to be 0°, the focal point became dark. The dark spot means the niobate nanosheets are 
oriented to be 0° to the polarizer or analyser of polarized microscope [2]. The niobate nanosheets were found to 
align along the polarization direction of incident laser beam. During rotating the polarized direction of light, the 
bright and dark spots were alternatively appeared at every 45°. Such phenomena were observed from all samples 
treated in this study. 

When the rotation speed of polarization direction of the laser beam was slower than 2π rad/min, the orientation 
change of colloidal niobate nanosheets with a concentration of 2.5 g/L followed the rotation of polarization of the 
laser beam. When the concentrations were 5 g/L and 10 g/L, the maximum rotation speeds which can induce the 
orientational change of niobate nonasheets were π rad/min and 1/2π rad/min, respectively. Thus, the slower rota-
tion speeds were required for the orientational change of higher concentration of the colloidal niobate nanosheets, 
namely higher viscosity of the colloids.

[1] Nakanishi R., Tominaga M., Suzuki Y., Kawamata J., Shimura Y., Iwai T., Nono Y., Nakato T. (2015). Pacifichem2015, P1380.
[2] Nakato T., Nakamura K., Shimada Y., Shido Y., Houryu T., Limura Y., Miyata H. (2011). Electrooptic Response of Colloidal Liquid Crys-

tals of Inorganic Oxide Nanosheets Prepared by Exfoliation of a Layered Niobate. J. Phys. Chem. C, 115, 8934.
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Electro-Osmosis (EO), which is a subgroup of electro-kinetic processes, is defined as the water movement in the 
fine-grained soil body due to external electrical potential gradients (voltage). EO is applied in many fields of sci-
ence and technology, such as in geology, geotechnics, ground improvement, treatment of hazardous materials and 
dewatering of clays. Generally, the volume of transported water, efficiency and also the distribution of current and 
voltage in the soil during EO are controlled by the soil’s electrical resistivity. In the absence of electric gradient, 
the electrical resistivity of the soil depends on numerous factors, such as void ratio, behaviour of pore solution 
and soil mineralogy. Once the voltage is applied, depending on boundary conditions, Electro-Hydro-Mechanical 
(EHM) and/or Electro-Chemical (EC) processes occur which highly affect the laboratory-measured electrical re-
sistivity of the soil. In this paper, the effect of EHM and EC are separately investigated. Then the interactions of 
both processes are studied under the framework of EO consolidation where EHM and EC take place concurrently. 
It was found that, neglecting EC processes, EHM processes, which lead to reduction of void ratio, increase the soil 
electrical resistivity progressively. In that case, the clay surface conductivity becomes an important parameter. In 
addition, in the absence of EHM processes, EC processes will lead to generation of various zones in terms of elec-
trical resistivity which are modelled using electric circuits. The electrical resistivity of identified zones increases 
with time, which results in reduction of the effective voltage up to 50% in total for the tested EO system. Finally, 
the effect of EHM and EC are integrated and it was concluded that, taking the potential loss at the pre-defined zone 
into the account, the level of EHM processes decreases and therefore the rate of reduction in electrical resistivity 
will decrease. 
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Lagerstätten are localities with exceptionally preserved soft-bodied organisms. The most spectacular Lagerstätten 
date back to the Cambrian Period. Their dominant lithology is characterized by clayey mudstones and siltstones; 
fossils are often thin carbon films mineralized with aluminosilicates [1] including chlorites and kaolinites.

In order to reveal the mechanisms of soft-bodied fossil formation we performed long-term experiments which 
imitated catastrophic deposition, a process believed to guide Lagerstätten formation. Artemia salina (Crustacea, 
Branchiopoda) nauplii were buried in marine sediments of kaolinite or clinochlore. After 12-18 months the car-
casses were exhumed from the sediments. At the end of the experiment, we estimated: (1) the degree of preserva-
tion compared to that in marine water without sediments, (2) pH of the media and sediments at different depth, (3) 
mineralogical composition of the sediments.

We found that the degree of preservation in sediments is much higher than in marine water: kaolinite enhanced 
the preservation 14-20-fold, chlorite - 2-2.5-fold. Excellent preservation in kaolinite is coupled with unusual mor-
phology of nauplial carcasses: empty cuticular sacs with well-preserved fine anatomy of appendages, setae and 
filter apparatus, but with gut completely decayed. Burying in chlorite resulted in much fewer specimens with such 
peculiar morphology; there were no such specimens in marine water control. The results imply that clay sediment, 
especially kaolinite, facilitates the reinforcement of external tissues. Stabilized external tissues arrested decay, 
providing wider time window for mineralization of soft tissues, and higher probability of preservation of taxonom-
ically important features. 

pH in both sediments with decaying carcasses dropped to 6.6-6.2 from 7.8-8.2 (water) or 6.8-6.9 (sediments with-
out nauplii). The decrease in pH appeared to be larger in comparison with control (nauplii in marine water: pH 
6.8-6.9). We conclude that both kaolinite and chlorite sediments form and/or maintain acidic environment around 
decaying carcasses. 

The intriguing feature of the model system is the rise of pH at the water-sediment interface. Such peaks were found 
in both kaolinite and chlorite (water 5 cm above sediment:water-sediment interface:sediment: 7.0:7.1:6.6 in kao-
linite; 6.9:8.5:6.3 in chlorite). Similar pattern was also detected in freshwater and brackish kaolinite sediment with 
nauplii (7.3:7.6:6.9; 7.6:8.1:7.5), while there were no such peaks in the sediment controls without nauplii. Steep 
pH gradients point to the complex chemical processes in clays triggered by the presence of organic remains. These 
processes also manifested themselves in the transformations of experimental sediments.

The acidic environment promotes accelerated dissolution of clays. This process is confirmed by the appearance of 
new very fine crystalline phase (TEM, DCA+TGA), amorphous products, allophane, and gibbsite (SEM, DCA+T-
GA) in the case of kaolinite, and by the separation of Fe- and Mg-containing mineral phases (DCA+TGA) in chlo-
rite. The carcasses in chlorite seems to include Mg-ions in their elemental composition (SEM-EDX). Conversely, 
the formation of CaCO3 is possible at the water-sediment interface but not inside the sediment with decaying re-
mains. Indeed, many Lagerstätten have been known to form calcite cement on top of fossiliferous layers [2]. Acid-
ic environment, enriched by Al-ions which are known to possess tanning properties, may retard decay. Moreover, 
high concentration of cations released through acidic hydrolysis of clay favours mineralization of organic remains.

[1] Cai Y., Schiffbauer J., Hua H., Xiao S. (2012). Preservational modes in the Ediacaran Gaojiashan Lagerstätte: pyritization, aluminosilici-
fication, and carbonaceous compression. Palaeogeogr., Palaeoclimatol., Palaeoecol., 109-117. 

[2] Gaines R., Hammarlund E., Hou X., Qi C., Gabbott, S., Zhao Y., Peng J. (2012). Mechanism for Burgess Shale-type preservation. PNAS, 
5180-5184. 
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Inorganic layered materials can be converted to colloidal liquid crystals (LCs) through exfoliation into inorganic 
nanosheets [1]. Among nanosheet LCs, binary nanosheet systems are interesting because of their rich structures 
based on phase-separation of the two nanosheet species. Theoretically, entropically driven demixing of the two 
colloidal particles results in phase separation of the binary LCs typically exemplified by coexistence of different 
LC phases. Computational studies of plate-plate systems have indicated three-phase coexistence of one isotropic 
and two LC phases. Nevertheless, this has not been realized by experimental systems consisting of binary plates 
including nanosheets with different chemical compositions. Here we show our experimental studies of binary inor-
ganic nanosheet LCs. We have developed two binary nanosheet systems: one is the mixture of niobate (K4Nb6O17) 
and smectite-type clay nanosheets, and the other is that of titanate (H1.07Ti1.78O4) and clay nanosheets.

For the niobate-clay binary system, the two nanosheets are phase-separated only at a microscopic scale [2]. Al-
though this system is apparently homogeneous at a macroscopic scale, our recent small-angle X-ray scattering 
(SAXS) measurements indicate the niobate nanosheets form a lamellar LC phase, which is separated from an 
isotropic phase of clay nanosheets. The LC phase is compressed by the coexisting isotropic phase, as evidenced 
by shrinkage of the basal spacing of the lamellar structure. Variation in the lateral size of clay nanosheets (from 
several tens of nanometers to a few micrometers) little affects the basal spacing of the lamellar LC phase. Such 
a phase-separated structure is visualized in a real space by confocal laser scanning microscopy (CLSM). CLSM 
images of scattered light reflect the location of the niobate nanosheets while those of fluorescence can monitor the 
location of clay nanosheets adsorbed by a cationic dye. CLSM observations clarify that the niobate nanosheets 
form domains with the size of several tens of micrometers and the domains are located in a lamellar manner. Some 
voids are observed between the niobate domains, and the voids are occupied by the clay nanosheets.

On the other hand, the titanate-clay system exhibits phase separation at a macroscopic scale [3]. Naked-eye obser-
vations clarify phase separation characterized by the emergence of both of the isotropic-LC biphasic and isotrop-
ic-LC-LC triphasic coexistence. This phase behavior is different from the niobate-clay binary system, although the 
titanate and niobate nanosheets have lateral length of micrometers and similar chemical properties. In addition, 
the clay nanosheets tend to destabilize the colloids to induce heterocoagulation of the two nanosheet particles. 
The results indicate that the multiphase structures of the multicomponent colloidal LCs depend on the chemical 
components even though the dispersant particles have similar shapes and properties.

[1] Nakato, T., Miyamoto, N. (2009). Liquid crystalline behavior and related properties of colloidal systems of inorganic oxide, Materials, 2, 
1734-1761, and references therein.

[2] Miyamoto, N., Nakato, T. (2003). Liquid crystalline colloidal system obtained by mixing niobate and aluminosilicate nanosheets: a spec-
troscopic study using a probe dye”, Langmuir, 19, 8057-8064.

[3] Nakato, T., Yamashita, Y., Mouri, E., Kuroda, K. (2014). Multiphase coexistence and destabilization of liquid crystalline binary nanosheet 
colloids of titanate and clay, Soft Matter, 10, 3161-3165.
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Manganese (Mn) is ubiquitous and abundant in the Earth’s crust. It is the the 3rd most abundant among the tran-
sition metals. Because of this abundance, Mn is a common minor constituent of soil as well as natural waters. It 
readily participates and dissolves, and thus controls many important biogeochemical reactions. Especially, it forms 
a wide variety of Mn (oxyhydr)oxides (collectively refered to as Mn oxides), which are among the most reactive 
minerals in the environment by controlling the fate and transport of various nutrients, contaminants, and other 
elements. It has been reported that over 30 different types of natural Mn oxides exist in the natural environment. 
Each mineral possesses its characteristic atomic arrangement, crystallinity, and the valence of structural Mn, which 
account for a wide range of chemical reactivity. There have been extensive studies on the reactivity in relation to 
sorption and redox reactions of specific Mn oxides with various contaminants. However, the geochemical process-
es controlling the diversity of Mn oxides formation in the dynamic environmental settings have not been clearly 
understood yet. We have investigated the factors controlling the formation and phase transformation of diverse 
Mn oxides by various redox reactions of dissolved- or solid-phase Mn under environmentally relevant conditions

Homogeneous or heterogeneous Mn(II) oxidation under varying conditions was examined to identify the types of 
Mn oxides and to assess the factors contorlling the diversity of Mn oxide formation. For homogneous Mn oxida-
tion, varying concentrations of dissolved Mn ([Mn(II)]0 = 50 - 994 μM) were oxidized in 50 mM NaNO3 electro-
lyte at pH 7, 8 or 9 using a buffer (10 mM MOPS for pH 7; 50 mM MOPS for pH 8; or 50 mM CHES for pH 9). For 
heterogeneous Mn(II) oxidation, 8.0 mM Mn(II) was reacted with 1.0 g/L birnessite at pH 7.0 - 9.0 under anoxic 
or oxic conditions. In addtion, effects of solid substrate on the heterogeneous Mn(II) oxidation were evaluated by 
reacting 1.0 mM Mn(II) with 1.0 g/L Cr(OH)3(s) using the same pH range and atmospheric conditions. The results 
showed that the major types of Mn oxides formed under different conditions were all different, indicating that 
every factor tested in this study such as the reaction time, solution pH, presence or absence of dissolved oxygen, 
and the type of solid substrate for heterogeneous systems was responsible for the diversity of Mn oxides formation. 
For example, homogeneous Mn(II) oxidation at pH 9.0 open to the atmosphere produced hausmannite (Mn3O4), 
whereas heterogeneous Mn(II) oxidation produced mainly Mn oxyhydroxides such as manganite (γ-MnOOH), 
feitknechtite (β-MnOOH), groutite (α-MnOOH) and hausmannite. These results suggested that various Mn oxides 
can be formed under widely vayring natural conditions, and the factors controlling the formation and the phase 
transformation of various Mn oxides should be further investigated.
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APPLICATION OF MONTMORILLONITE-POLY(COBALT ACRYLATE-
CO-ACRYLIC ACID) NANOCOMPOSITES IN SYNTHESIS OF OXIDE 
CATALYSTS FOR TOTAL OXIDATION OF TOLUENE

piotr natkanski*, anna rokicinska, BarBara dudEk, piotr kustrowski

Department of Chemical Technology, Faculty of Chemistry, Jagiellonian University, Ingardena 3, 30-060 Krakow, Poland

Recently, natural layered aluminosilicates, representing a large group of raw minerals, have become attractive 
and functional materials in many fields of chemistry and material engineering. Nowadays, clays are used on a 
large scale as fillers in polymer-inorganic composites, improving the properties of polymers, such as: mechanical 
strength, thermal stability or biocompatibility [1,2]. On the other hand, polymers may be used for the modification 
of properties of aluminosilicates. Intercalation of polymeric hydrogels into the interlayer spaces of clay can lead 
to the improvement of adsorption capacity of metal ions. Furthermore, the ions introduced into the clay interlayers 
can result in partial delamination and structure opening manifested by an increase in porosity and specific surface 
area [3]. 

In order to produce Co3O4/clay materials characterized by expanded surface area and high dispersion of transition 
metal species, we synthesized a series of montmorillonite-poly(cobalt acrylate-co-acrylic acid) nanocomposites 
(MT-P(CoA-co-AA)) in this work. Such approach allowed us to omit the additional step of synthesis of Co3O4-con-
taining catalysts based on Co2+ ion adsorption, which was previously used for the modification of hydrogel-clay 
composite precursor [4]. In this simplified procedure, the MT-P(CoA-co-AA) composites were obtained by copo-
lymerization of AA and CoA at various molar ratios (AA/CoA = 2:1, 3:1, 4:1 and 5:1) carried out in an aqueous 
suspension of MT (15 wt.%) in the presence of 2,2’-azobis(2-methylpropionamide) dihydrochloride (AIBA) as 
an initiator (2% mol. in relation to monomers). The (CoA-AA)/MT mass ratio was constant and equal to 1:1. The 
resulting precursors were calcined at elevated temperature in air flow in order to remove of polymeric template. 

The structure of the obtained materials at each stage of the synthesis (after polymerization and after thermal treat-
ment) were studied by means of X-ray powder diffraction. The composition of the catalyst precursors and cata-
lysts was determined by infrared spectroscopy (DRIFT), UV-vis-DR spectroscopy, thermogravimetry, elemental 
analysis and X-ray fluorescence. The thermal analysis coupled with infrared spectroscopy (TGA-IR) was used in 
examination of the mechanism of thermal decomposition of the composites and for selection of optimal conditions 
for the calcination process. The results of low-temperature nitrogen adsorption measurements for the calcined pre-
cursors showed an increase in specific surface area compared to the raw aluminosilicate, as well as the presence of 
slit pores. The obtained oxide materials appeared to be active catalysts in the process of the complete oxidation of 
toluene. For the best samples 100% conversion of the substrate was achieved at about 300 °C.

[1] Bulut Y., Akcay G., Elma D., Ersin Serhatli I. (2009). Synthesis of clay-based superabsorbent composite and its sorption capability, Jour-
nal of Hazardous Materials 171, 717-723.

[2] Sinha Ray S., Okamoto M. (2003). Polymer/layered silicate nanocomposites: a review from preparation to processing, Progress in Poly-
mer Science, 28, 1539-1641.

[3] Natkanski P., Rokicinska A., Wach A., Drozdek M., Dudek B., Litynska-Dobrzynska L., Kustrowski P. (2016). Physicochemical prop-
erties of hydrogel template synthesized copper(II) oxide-modified clay influencing its catalytic activity in toluene combustion, RSC 
Advances, 6, 100373-100382.

[4] Rokicinska A., Natkanski P., Dudek B., Drozdek M., Litynska-Dobrzynska L., Kustrowski P. (2016). Co3O4-pillared montmorillonite 
catalysts synthesized by hydrogel-assisted route for total oxidation of toluene, Applied Catalysis B: Environmental, 195, 59-68.
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ON THE ENANTIOSELECTIVE SEPARATION OF CHIRAL DRUGS BY 
PEPTIDE METAL ORGANIC FRAMEWORKS

j. navarro-sánCHez (1), a. i. arGente-GarCía (2), y. moliner-martínez (2), d. roCa-sanjuán (1),* 
p. Campins-falCó (2), m. j. rosseinsky (3), C. martí-Gastaldo (1)
(1) Instituto de Ciencia Molecular, Universidad de Valencia, Catedrático José Beltrán, 2, 46980, Spain, (2) MINTOTA 
research group, Departament de Química Analítica, Facultat de Química, Universitat de Valencia, Doctor Moliner, 50, 46100 
Burjassot, Spain, (3) Department of Chemistry, University of Liverpool, Crown Street, Liverpool, L697ZD, UK. 

We report a joint theoretical and computational study on the ability of a chiral Cu(II) 3D MOF based on the tripep-
tide Gly-L-His-Gly (GHG) for the enantioselective separation of metamphetamine and ephedrine. Monte Carlo 
simulations were initially performed to provide an initial guess on the differential binding properties of the enanti-
omers. Whereas no significant separation was estimated for metamphetamine, a large difference in the absorption 
energies of (+)- and (-)-ephedrine was obtained. The theoretical findings suggest that chiral recognition is linked 
to preferential binding of one of the enantiomers mainly as the result of additional H-bonds with the framework 
that lead to energetically more stable diastereomeric adducts. The experiments shows that Cu(GHG) is capable of 
separating more than 50% of one enantiomer from a racemic mixture of ephedrine in only four minutes when used 
as a chiral solid phase extraction (SPE) cartridge. The present combination of theory and experiment might help 
addressing the problem of chiral recognition by producing more complex chemical environments able to maximize 
enantiomeric resolution for particular drugs.
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CLAY-BASED CERAMIC FOAMS AS GREEN BUILDING MATERIALS

maría linarejos navío-González, rosendo j. Galán-arboledas, salvador bueno*
Fundación INNOVARCILLA, Bailén, Spain

This work presents a set of researching lines oriented to develop novel green building materials from traditional 
ceramic clays. They focus on manufacturing macro porous clay-based ceramic foams, with a total porosity greater 
than 50%. This microstructure, similar to that of porous materials in nature, improves insulation features, com-
pared to those of traditional ceramic building materials. This, together with the possibility of incorporating waste 
in their formulation, is of great interest in the current trends of sustainable construction. However, even if funda-
mentals of these developments have been described for several advanced applications [1-3], this knowledge has 
not had a relevant impact on the technological innovation on new materials achieved by the traditional clay-based 
ceramics industry.

In the present study the starting materials were a highly-carbonated illite-smecttite clay from Bailén (Jaén, South-
ern Spain) and a kaolinite clay from Extremadura (South-west Spain), both used in the manufacture of ceramic 
bricks and pottery, and with the intention of covering different rheological and sintering behavior[4].

From these raw materials, it is proposed the development of different types of ceramic foams by using several 
processing routes such as the replica method by impregnation of polymer sponges or the direct foaming of ceramic 
slip and its subsequent consolidation by gel-casting. Thus, porosity is mainly achieved using biopolymers through 
biomimetic strategies.

Dynamic sintering studies were performed in order to establish optimum firing cycles and thus reduce environ-
mental impact. Furthermore, this study offers an alternative approach to this topic, which shows how to obtain 
porous materials mainly based on unfired clays, similar to traditional materials such as adobe bricks.

The main technological properties determined were bulk density, open and close porosity, thermal conductivity 
and modulus of rupture. These properties were analyzed and discussed in terms of processing parameters and 
developed microstructures, in order to maximize samples size. Thus, the present work contributes to a systematic 
feasibility study on the technical implantation and repercussion of these new methods of material processing for 
building applications.

[1] Liu R., Xu T., Wang C. (2016). A review of fabrication strategies and applications of porous ceramics prepared by freeze-casting method. 
Ceramics International, 42, 2907-2925.

[2] Galassi C. (2006). Processing of porous ceramics: Piezoelectric materials. J. Eur. Ceram. Soc., 26, 2951-2958. 
[3] Studart A.R., Gonzenbach U.T., Tervoort E., Gauckler L.J. (2006). Processing Routes to Macroporous Ceramics: A Review. J. Am. Cer-

am. Soc., 89, 1771-1789. 
[4] Galán-Arboledas R.J., Merino A., Bueno S. (2013). Use of new raw materials and industrial wastes to improve the possibilities of using 

ceramic materials from Bailén (Jaén, southern Spain). Mater. Construcc., 63, 553-568.
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IN SITU CLAY BUILDING AND DIGITAL FABRICATION
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University of Maribor, Maribor, Slovenia 

Automated manufacturing systems will undoubtedly expand and find their place in the future way of building. 
Digital fabrication will play significant role in near future AECOO (Architecture, Engineering, Construction Own-
ership and Operation) industry. 

Additive manufacturing has potential to be “the next big step forward”, because it allows advanced and brave 
design and free-form constructions inspired by nature. Design phase will significantly intensify the importance 
of embedded building details while in the construction phase less human intervention will be needed. Future re-
search directions are further parameterization of the interoperability demand function, BIM maturity, automation 
of workflow models, application of structural engineering results into models’ infill structure and new approaches 
for engineering of embedded building elements. 

Traditional construction materials as clay will be used differently. Advanced micro structure geometry is generated 
to achieve optimum material to performance ratio which leads to minimizing material consumption. Elements ap-
pear the same but their internal micro-structure is what sets them apart. Integral design of all building accessories 
like internal heating, ventilation, and air conditioning (HVAC), water supply, and drainage network installations is 
essential when applying additive manufacturing. Important benefit of digitally fabricated building can be internal 
topological optimization of building elements like walls and slabs for thermal insulation and structural capabilities.
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MODELING WATER - SWELLING CLAY MINERAL INTERACTIONS IN 
SOILS AND THEIR EFFECTS ON SORPTION CHARACTERISTICS 

tibor németH (1)*, viktória kováCs-kis (2), péter sipos (3)*, istván dódony (1)
(1) Eötvös Loránd University, Department of Mineralogy, Budapest, Hungary, (2) Institute of Technical Physics and 
Materials Science, Centre for Energy Research, Budapest, Hungary (3) Institute for Geological and Geochemical Research, 
Research Centre for Astronomy and Earth Sciences, Budapest, Hungary

Aqueous wetting and subsequent drying is a common process in temperate zone soils. These soils are characterized 
by various swelling clay mineral assemblages containing different smectites, vermiculites and mixed-layer clay 
minerals. Our previous results suggest that cyclic WD modifies only swelling clay minerals, which can incorporate 
water in the interlayer space, but has no significant effect on non-swelling clay minerals. The aim of this study 
is to show the effect of cyclic wetting and drying (WD) on the physico-chemical properties on the swelling clay 
minerals.

Smectites with different layer charge and interlayer cations (Na, Ca, K, heavy metals), soil smectite, vermiculite 
and pedogenic chlorite-vermiculite were submitted to numerous (up to 140) WD cycles in the laboratory. The 
mineralogical, structural and chemical features of the intermediate and end products were studied by XRD, ATEM, 
FTIR and thermal analysis. Additional sorption experiments (metals and water vapour) were carried out to char-
acterise the properties of the clays.

The most striking change during subsequent WD is the significant decrease of the thickness of the clay crystallites 
and of the lateral dimension of the clay particles. Additionally, this physical modification is accompanied by the 
change of the chemical composition. Generally, the clay particles after several WD cycles contain more silicon. 
Contrary to K-smectites, Na-smectites preserve their expansion capacity during WD cycles. Within the smectite 
layer charge range, high charged smectites lose their swelling ability, and their metal adsorption capacity also de-
creases. Basal reflection of high charged K-smectite falls to 10 Å with WD cycles. On the contrary, vermiculites 
become more expansive after numerous WD cycles indicating smectitization. Our results suggest that cyclic wet-
ting and drying may be one of the causes explaining why clay minerals are fine-grained in soils, and that WD has 
a significant contribution to pedogenic clay mineral alterations.

Acknowledgements: TN is grateful to Bolyai János Postdoctoral Fellowship of the Hungarian Academy of Sciences for financial support. 
Partial supports of the State of Hungary, co-financed by the European Social Fund in the framework of TÁMOP 4.2.4. A/1-11-1-2012-0001 
‘National Excellence Program’ are also acknowledged (TN).
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KINNEKULLE K-BENTONITE MIRRORING HEAT IMPACT ON THE 
CLAY MINERAL COMPOSITION OF BUFFER CLAY FOR ISOLATING 
HIGH-LEVEL RADIOACTIVE WASTE IN REPOSITORIES 

lan nGuyen-tHanH (1)*, roland pusCH (2), jÖrn kasboHm (3,4), tHao HoanG-minH (5), 
nGa pHam-tHi (5), rafael ferreiro mäHlmann (1), sven knutsson (2) 
(1) Technical University of Darmstadt, Germany, (2) Luleå Technical University, Sweden, (3) University of Greifswald, 
Germany, (4) Jörn-Kasbohm-Consulting, Germany, (5) VNU University of Science, Vietnam 

In Permian age, a diabas flow has affected the 90 m thick underlying Kinnekulle K-bentonite of Ordovician age, 
consisting of three units: Bed A (thickness 30 cm), Bed B (200 cm) and Bed C (18 cm) (borehole Mossen-3). They 
have been investigated with respect to the mineralogical composition by XRD, TEM, FTIR and XRF, as well as 
determination of the CEC. The profile has been considered as a possible natural analogue of processes in clay iso-
lation of canisters with heat-producing radioactive waste, because the maximum temperature is estimated to have 
been 140 °C (Pusch et al., 1998). 

Mineralogical composition: 3- 50% of two types of randomly interstratified illite-smectite mixed layers (IS-ml) 
with Ca-dominated (not found in beds A and C) and K-dominated interlayer cations (in all three beds), holding 
3-20% illite, 4-30% 2M1 muscovite, 0-40% quartz, 0-15% chlorite, <5% albite, 0-10% lepidocrocite and traces of 
Ca-Si-bearing phases constitute the mineral matter and visualize the high quantitative variability of this composi-
tion. The highest amount of IS-ml, nearly 55% is at the bottom of 2 m thick bed B. This part also has the lowest 
expandability in the profile (%S <55%). The highest expandability (up to S% ~ 80%) was recognized in the upper 
part of bed B.

Geological processes: The mineral and chemical composition and the distribution of clay minerals in the profile 
suggest the following geological processes: (i) impacts of early diagenesis at the interface water/sea bottom (e.g. 
by K- & Fe-enrichment in chlorite and mica-phases), (ii) impacts of late diagenesis/burial (e.g. by illitization), (iii) 
heat impact of Permian diabas flow and (iv) and of additional dissolution processes. They can have taken place 
in particular in the bottom parts of beds contacting limestone, and in the bentonites during diagenesis and also 
by impact of heat, yielding reduction of smectite phases. The heat impact (iii) caused (A) dissolution of IS-ml as 
indicated by the lowest amount of phases with the highest % S-values, and (B) cementation of mineral particles by 
silica (Si-precipitation in IS-ml at the top), and (C) smectitization of survived IS-ml in the upper parts of beds - all 
by assumed interaction with a reactive plume of pore solution.

Role of open/dynamic chemical system: Thin beds A + C (lower than 30 cm) and the upper 30 cm of 2 m thick 
bed B (dominated by dissolution processes) show complete different mineralogical evolution in comparison to 
deeper parts of bentonite bed B, which is characterized by solid state transformations only. Large mineralogical 
alterations characterize the upper 30 cm. In contrast, the high amount of smectite phases and their expandability is 
conserved at depths of more than 1.5 m from the top of bed B. This large thickness is only limiting the transport of 
pore solutions and dissolution products under the prevailing conditions.
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COMPETITIVE REACTIONS DURING THE UREA SYNTHESIS OF 
LAYERED DOUBLE HYDROXIDES
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Layered double hydroxides (LDHs, (M(II)1-xM(III)xA nH2O) find wide-spread applications as e.g., energy materi-
als, and catalysts as well as in drug delivery and environmental remediation due to their anion-exchange properties 
and layered structure. Pure LDHs of well-defined size and morphology is essential to control and optimize these 
applications, as impurities and structural defects can lead to undesired by products. Thus, the so-called urea syn-
thesis [1] is commonly preferred as highly crystalline LDHs can be prepared. Co-precipitation, the second com-
mon synthesis approach, gives pure, smaller and less crystalline LDH particles. However, LDHs prepared by urea 
synthesis contain large quantities of poorly crystalline by-products and LDH may not be the main component [2]. 
These elusive impurities are not easily detected by powder X-ray diffraction and electron microscopy, two com-
monly preferred characterization techniques. Furthermore, elemental analyses sometimes indicate excess M(III) 
ions, but large quantities of impurities are still present with a bulk composition of M(III) ions below the maximum 
content (x<1/3). Both solid state NMR (SSNMR) and vibrational spectroscopy (IR and Raman), which are probes 
of the local environment, suggested the presence of non-LDHs environments with only 25-60% of Al in the LDH-
phase based on 27Al SSNMR. Previous 27Al SSNMR studies of LDHs prepared by the urea method have earlier 
reported additional 27Al resonances[3-6], but this has been ascribed to e.g., hydrogen bonding [3].

We have performed a detailed study of the urea synthesis for ZnAl-LDHs using time-resolved PXRD in combina-
tion with a series of samples prepared at different reaction times, which were characterized ex-situ in depth using a 
combination PXRD, SSNMR, TEM, and vibrational spectroscopy as well as elemental analysis. Furthermore, the 
synthesis conditions were systematically varied and the impact on the quality of the LHD product assessed. This 
provided detailed insight into the mechanism of formation of LDHs during the urea synthesis as well as the origin 
and nature of the other phases formed. Furthermore, results from studies of MgAl LDHs prepared with different 
Al content by the urea method will also be presented.

[1] U. Costantino, F. Marmottini, M. Nocchetti, R. Vivani (1998). New Synthetic Routes to Hydrotalcite-Like Compounds − Characterisation 
and Properties of the Obtained Materials, European Journal of Inorganic Chemistry, 10, 1439-1446. 

[2] S.S.C. Pushparaj, C. Forano, V. Prevot, A.S. Lipton, G.J. Rees, J.V. Hanna, U.G. Nielsen (2015). How the Method of Synthesis Governs 
the Local and Global Structure of Zinc Aluminum Layered Double Hydroxides, The Journal of Physical Chemistry C, 119, 27695-27707.

[3] P.J. Sideris, F. Blanc, Z. Gan, C.P. Grey (2012). Identification of Cation Clustering in Mg-Al Layered Double Hydroxides Using Multinu-
clear Solid State Nuclear Magnetic Resonance Spectroscopy, Chemistry of Materials, 24, 2449-2461.

[4] A. Vyalikh, F.R. Costa, U. Wagenknecht, G. Heinrich, D. Massiot, U. Scheler (2009). From Layered Double Hydroxides to Layered Dou-
ble Hydroxide-Based Nanocompositesâ€”A Solid-State NMR Study, The Journal of Physical Chemistry C, 113, 21308-21313.

[5] A. Vyalikh, D. Massiot, U. Scheler (2009). Structural characterisation of aluminium layered double hydroxides by 27Al solid-state NMR, 
Solid State Nuclear Magnetic Resonance, 36, 19-23.

[6] L.H. Chagas, G.S.G. De Carvalho, W.R. Do Carmo, R.A.S. San Gil, S.S.X. Chiaro, A.A. Leitão, R. Diniz, L.A. De Sena, C.A. Achete 
(2015). MgCoAl and NiCoAl LDHs synthesized by the hydrothermal urea hydrolysis method: Structural characterization and thermal 
decomposition, Materials Research Bulletin, 64, 207-215.
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CHEMICAL LAKE RESTORATION ON THE MOLECULAR LEVEL - 
PHOSPHATE SEQUESTRATION BY A MODIFIED CLAY AND ZEOLITE 
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Phosphorus (P) is a non-renewable resource that is extensively used as phosphatic fertilizers in agriculture in order 
to ensure sufficient food supply. About 15-20% of the phosphate applied to fields is leached into the aquatic fresh 
water systems, which along with phosphate from domestic sewages, causes eutrophication (algae bloom) in lakes. 
Thus, immobilization of legacy phosphate to comply with EU regulations is needed.

Chemical lake restoration uses an approach were P is immobilized to insoluble and (hopefully) geologically stable 
inorganic phase in the sediment. Two common approaches that are used for phosphate removal are the addition of 
Phoslock©, a La3+ exchanged bentonite, and Al(III)hydroxides. To study the effectiveness of the restoration prod-
ucts knowledge on the formed P compounds is needed. It is very difficult to characterize phosphate phases, as they 
are complex and have low crystallinity. 27Al, 31P, and 139La solid-state NMR (SSNMR) in combination with La EX-
AFS spectroscopy were used to monitor phosphate sequestration and to characterize the phosphate phases formed. 
Furthermore, the effects of humic substances and lake conditions were investigated. The phosphate sequestration 
mechanism was established based on laboratory studies [1]. Subsequently, adsorption experiments using water and 
sediment were performed and sediment samples from 16 European lakes previously treated with Phoslock© were 
investigated [2,3].

A new zeolite-based product was recently introduced, which addresses some of the current issues with Al(III) and 
Phoslock©. Here we present preliminary results combining adsorptions studies and solid state NMR spectroscopy 
to unravel the mechanism of phosphate sequestration and how the chemical conditions of the lake influence the 
phosphate sequestration.

[1] L. Dithmer, A.S. Lipton, K. Reitzel, T.E. Warner, D. Lundberg, U.G. Nielsen, Characterization of Phosphate Sequestration by a Lantha-
num Modified Bentonite Clay: A Solid-State NMR, EXAFS, and PXRD Study, Environmental Science & Technology, 49 (2015) 4559-
4566.

[2] L. Dithmer, U.G. Nielsen, D. Lundberg, K. Reitzel, Influence of dissolved organic carbon on the efficiency of P sequestration by a lantha-
num modified clay, Water Research, 97 (2016) 39-46.

[3] L. Dithmer, U.G. Nielsen, M. Lürling, B.M. Spears, S. Yasseri, D. Lundberg, A. Moore, N.D. Jensen, K. Reitzel, Responses in sediment 
phosphorus and lanthanum concentrations and composition across 10 lakes following applications of lanthanum modified bentonite, 
Water Research, 97 (2016) 101-110.
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REMOVAL OF E.COLI AND TOTAL BACTERIA FROM WATER BY 
GRANULATED MICELLE- CLAY COMPLEXES: FILTER REGENERATION 
AND MODELING OF FILTRATION KINETICS
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uri shuaLi, shLomo nir*
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Minimizing the risk of an outbreak of waterborne diseases in humans or animals requires to reduce the concentra-
tion of pathogenic microorganisms in water. Removal of pathogenic microorganisms by filtration may provide safe 
water, and decrease the risk from harmful disinfection by products. The micelle-clay complexes produced have a 
relatively large surface area; they include large hydrophobic fractions and are positively charged to about half of 
the cation exchange capacity of the clay, which is useful in the removal of microorganisms whose external surfac-
es are net negatively charged. The employment of micelle-clay complexes in powdered form (1), demonstrated 
in batch and filtration experiments, the removal from water of several types of Gram negative and Gram positive 
bacteria and Cryptosporidium parvum. However, in a filter the powdered complex had to be mixed with excess of 
a granulated material, such as sand, whereas the granulated complex could be included exclusively in filters, which 
enabled upscaling (2).

Granulated micelle-clay composites (0.3 to 2 mm) formed from Na- bentonite and the organic cations Octadecyl-
trimethylammonium (ODTMA), or Benzyldimethylhexadecylammonium (BDMHDA) were employed to remove 
from water by filtration (a) Escherichia coli S-17 and (b) total bacteria count (TBC).

(a) Filters included 4g to 27 g of complex mixed with sand, and bacteria numbers were 6.4•105 to 5•106 per mL. 
Filter lengths were 20 cm and in certain experiments two filters were operated in series. Mixing with sand was just 
for shortening duration of experiments. A model which considered convection, adsorption, and desorption simulat-
ed the filtration results and yielded predictions. Estimates of capacity (for emerging bacteria <1 per 100 mL) have 
been generated for removal of similar bacteria by a large filter (1 m long) at a flow velocity of 10 m/h. For a filter 
filled exclusively with BDMHDA-clay granules the capacities varied between 5 and 100 m3 per kg of complex 
when the water included 5•106 to 1000 bacteria/mL, respectively. 

(b) Removal of TBC. The capacity of filters was smaller than in (a), 2 or 3 m3 per kg of ODTMA, or BDMHDA 
complex, respectively, but the technology enables to avoid using UV lamps in domestic filters. 

In both (a) and (b) bacteria capture by filtration was independent of the complex used, but BDMHDA complexes 
were superior in reducing numbers of emerging bacteria, due to a larger biocidal, or biostatic effect of released 
cations. Placing a layer of activated carbon after the micelle-clay filter reduced the released cations to 1µg/L. 

Regeneration of used filters was by: (i) passing a solution of 0.1% NaOCl, or 0.01 M of HCl, or (ii) heating in 
a furnace at 105 °C for 2.5 h. Capacities for removal of bacteria after first and second regenerations by (i) were 
86% and 57% of those with fresh granules, respectively. It is suggested that the technology can provide a safe and 
economical treatment for drinking water contaminated by pathogenic bacteria. 

[1] Shtarker-Sasi, A., Castro Sowinski, A., Matan, O., Kagan, T., Nir, S., Okon, Y., Nasser, M.N., 2013. Removal of bacteria and Crypto-
sporidium from water by micelle -montmorillonite complexes. Desalination and Water Treatment. 51, 7672-7680.

[2] Nir, S., Brook, I., Anavi, Y., Ryskin, M., Ben- Ari, J., Shveky- Huterer, R., Etkin, H., Zadaka-Amir, D., Shuali, U. 2015. Water purification 
from perchlorate by a micelle-clay complex: Laboratory and pilot experiments. Appl. Clay Sci., 114, 151-156.
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ADSORPTION OF FORMALDEHYDE BY GEOPOLYMERS FROM 
AQUEOUS SOLUTIONS
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Clay-based sorption materials have been extensively used in industrial applications at the stage of waste waters 
and/or emissions treatment. Depending on the contaminant chemical nature, physical-chemical activity, concen-
tration, adsorption characteristics, clays and other aluminosilicate based materials have been targeted for various 
types of modification, pre-treatment or activations. In particular, alkaline activation of aluminosilicate materials 
(e.g. fly ash, natural clays, zeolites, feldspars) may produce a new family of synthetic materials called geopoly-
mers, which are environment benign (no CO2 emissions) and cheap. Similar to zeolites the structure of geopol-
ymers comprises two- and three-dimensional frameworks of silica and aluminum-oxygen tetrahedra, however, 
it is largely amorphous and includes admixtures of zeolitic phases the fraction of which strongly depends on the 
conditions of synthesis. 
High adsorption capacity of geopolymers towards heavy metals ions has been successfully used for disposal of 
industrial waste. The ability of geopolymers to adsorb other classes of industrial toxic substances constitutes cur-
rent research interest.
The present work was aimed at studying adsorption properties of geopolymers in aqueous solutions of formal-
dehyde, the main component of wastewaters from woodworking, furniture, paint and varnish and construction 
industries.
Geopolymer sorbents (GS) were prepared by hydrothermal synthesis from the following components (wt.%): 1) 
G-14/100 - metakaolin (41%), NaAlO2 (41%), water (18%), t = 100 °C (14 h); 2) G-3/130 - metakaolin (41%), 
NaAlO2 (41%), water (18%), t = 130 °C (3 h); 3) G-Clin-3/130 - metakaolin (39%), NaAlO2 (41%), water (18%) 
and natural clinoptilolite (originating from Slovakia) (2%), t = 130 °C (3 h). The sorbents were characterized by 
XRF, N2-BET and SEM methods, and the data are presented in Table 1. The adsorption behavior of the GS was 
studied using 0.064-0.366 M aqueous formaldehyde solutions after equilibrating for 1 h. and using a sulphite 
method for quantitative determination. 
The physical chemical characteristics of geopolymer sorbents illustrate their lower specific surface area and higher 
cation-exchange capacity values compared to the natural clinoptilolite sample. The change of geopolymers mor-
phology under different synthesis conditions determines the accessible surface for adsorption of sorbate mole-
cules. Formaldehyde adsorption increased for GS (Na+-form) prepared at higher temperatures and/or when a filler 
of natural zeolites was used. Additionally, as followed from adsorption isotherms, the state of formaldehyde in 
equilibrium solution has changed when shifting to higher concentrations due to stronger “sorbate-sorbate” interac-
tions yielding dimers, trimers, etc. of formaldehyde.
Table 1. Characteristics of physical chemical properties of aluminosilicates samples and adsorption of formaldehyde from aqueous solutions

Samples

__
__

Si
O

2_
__

A
l 2O

3+
Fe

2O
3

SBET, 
m2/g

Pore volume, 
V*103, cm3/g Pore diam-

eter, D, nm
CEC,

mmolc/g

Adsorption of formaldehyde, mmole/g
Ionic form

Vmicro VΣ Na+ Cu2+ NH4
+

G-14/100 0.9 14 2.0 71.9 3.9 2.03 0.81 1.69 1.69
G-3/130 0.9 n.d. n.d. n.d. n.d. 2.67 1.06 1.31 1.94
G-Clin-3/130 0.9 22 2.4 97.3 3.9 2.72 1.94 1.06 2.94
Clin 5.0 31 - 107.0 16.2 0.82 1.56(Ca2+) 3.94 1.00

The largest amount of formaldehyde was adsorbed by geopolymer sorbents in NH4
+-form, obviously, due to con-

tribution of chemical sorption mechanism and large number of adsorption sites (NH4
+-ions), whereas the least 

adsorption was observed for Clin-sample. A reverse order of adsorption was found for sorbents in Cu2+-form: the 
highest adsorption for clinoptilolite and the lowest one for G-Clin-3/130. Probably, formation of large coordination 
complexes of Cu2+ and formaldehyde hydrates was easier within wider pores of clinoptilolite.



Scientific Research Abstracts
Vol. 7, p. 581, 2017
ISSN 2464-9147 (Online)
XVI International Clay Conference | ICC 2017 | Granada, Spain
© Author(s) 2017. CC Attribution 3.0 License
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Clay material is one of interesting material in adsorption process for water treatment. Based on some reports, phys-
ical and chemical treatment of clay material are usually performed in order to increase specific surface area as well 
as material adsorptivity to specified water contaminant and for this purpose a modeling related to optimization is 
usually used. In this paper, optimization of bentonite treatment was conducted. Clay activation was conducted by 
acid treatment, calcination and their combination refer to the application for chromate and rhodamine B adsorp-
tion. For such situation on the variables of clay treatments, many reports utilize logit, probitand model comple-
mentary log model but the models can not be implemented easily. In this research, a new model, Tobit model was 
applied for the case of clay activation over acid reflux and calcination at varied acid concentration and temperature 
of calcination. The model is proofen as suitable model compared to ordinary regression model for clay activation 
and adsorption application. 
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Geological, mineralogical, physical and ceramic studies were carried out on kaolin occurrences in Mankon in 
order to determine their industrial applications. Mankon is a locality found in Bamenda, North western Cameroon. 
05 samples were selected for investigations. Minerals were identified using X-Ray Diffractometer and Fourier 
Transform Infrared Spectrometry. Ceramic tests (i.e., linear shrinkage, bulk density, flexural strength and rate of 
water absorption) were done on pellets fired at 1000-1300 °C. These analyses confirmed the presence of kaolin 
and quartz as the major constituents. Chemical analysis evidences the presence of a high amount of organic matter 
(from 4 to 10%). Raw clays show low to moderate plasticity (4 - 12%) and low absorption of methylene blue (0.2 < 
blue value < 2.5). The grain size analysis show clay content varies from 11% to 39%. The Mankon clays display re-
quested properties for local ceramic application. Moreover the high kaolinite content, associated with its low iron 
abundance, demonstrates that Mankon clay is a suitable raw material for white burning industrial clay of kaolin. 
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Due to the increased demands of the high purity smectites for advanced materials applications [1,2,3], synthetic 
smectites with varied composition and particle size as well as the advanced techniques of the purification of nat-
ural bentonites have attracted siginificant interets. In this lecture, the purification of bentonites will be introduced 
from classical methods to the recently developed processes. In addition, the recent development of application of 
purified bentonite and a synthetic saponite in advanced functional materials will be introduced.

The characterization, the purification and the application of bentonite from newly developed bentonite mine in 
Japan, was conducted by the combination of classical methods with modification [4,5]. Organophilic clays were 
obtained from conventional ion exchange reactions with cationic surfactants and also by the solid-solid reaction 
between acidic clays and alkylamines at room temperature [4]. 

Synthetic saponite containing a photosensitizing metal complex, tris(2,2’-bipyridine)ruthenium(II), was com-
plexed with colloidal anatase and used for the visible light photocatalytic reaction of aqueous benzene to phenol. 
The addition of phenol to the initial aqueous benzene solution was effective to improve the reaction yield and the 
product selectivity [6]. The hybrid photocatalysts have been fabricated as transparent film. The catalyst film was 
mounted in a flow reactor device to catalyze such photocatalytic reactions as the decomposition of aqueous acetic 
acid and N-alkylation of benzylamine with ethanol. The photocatalytic flow reactor is robust, without decomposi-
tion and/or leaching of the dye and the catalyst layer was sticked to the poly(ethene-co-tetrafluoroethene) substrate 
during the reactions. Thanks to the robustness, the reactor can be used repeatedly without loss of catalytic activity. 
Taking advantage of the flow reactor device, we can change the reaction period by the flow rate and can cycle the 
flow process to achieve desired reaction yields [7].

[1] Okada T., Seki Y., Ogawa M. (2014). Designed Nanostructures of Clay for Controlled Adsorption of Organic Compounds. J. Nanosci. 
Nanotech., 14, 2121-2134.

[2] Okada T., Sohmiya M., Ogawa M. (2015). Photochromic Intercalation Compounds, Struct. Bond., 177-212.
[3] Ogawa M., Saito K., Sohmiya M. (2014). A controlled spatial distribution of functional units in the two dimensional nanospace of layered 

silicates and titanates, Dalton Trans., 43, 10341-1054.
[4] Hayakawa T., Minase M., Fujita K., Ogawa M. (2016). Green Synthesis of Organophilic Clays; Solid-State Reaction of Acidic Clay with 

Organoamine, Ind. Eng. Chem. Res. 2016, 55, 6325−6330.
[5] Hayakawa T., Minase M., Fujita K., Ogawa M. (2016). Modified method for the purification and characterization of bentonite; a case 

study using bentonite obtained from Tsunagi mine, Niigata, Japan, Clays and Clay Minerals 64, 275-282.
[6] Goto T., Ogawa M. (2016). Efficient photocatalytic oxidation of benzene to phenol by metal complex-clay/TiO2 hybrid photocatalyst, 

RSC Adv. 6, 23794-23797.
[7] Goto T., Ogawa M. (2015). Visible light responsive photocatalytic flow reactor composed of titania film photosensitized by metal com-

plex-clay hybrid, ACS Appl. Mater. Interfaces, 7, 12631-12634.
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To clarify deterioration processes of sulfate attack on cement mortars, dissolution experiment using sulfate solu-
tions was performed. Two kinds of mortars, high-early-strength Portland cement mortar (HESPC) and the alumina 
cement mortar (HAC), were immersed in different concentration of sodium sulfate and magnesium sulfate solu-
tions. In order to evaluate the total amount of soluble ions dissolved from the mortars, electric conductivity (EC) 
was monitored until 1440 hours.

The electrical conductivity increased drastically during the initial three days. According to the XRF-EDS results, 
the CaO contents of the HESPC specimens and the CaO and Al2O3 contents of the HAC specimens decreased. 
Thus, the decrease in the EC values is considered to be due to dissolution of these elements from the mortars. The 
amount of the dissolved elements increased with the increasing concentration of the solutions. The released ele-
ments reacted with some elements in the solution. The dominant mineral in the HESPC is portlandite (Ca(OH)2), 
which generally reacts with carbon dioxide in solution. Subsequently, calcium carbonate (CaCO3) was precipitated 
just after the reaction and is considered to promote Ca degradation. Calcium carbonate (CaCO3) would dissolve 
again within the solution and precipitate as gypsum after interaction with magnesium sulphate. This interaction is 
considered to continue throughout the experiment; therefore, the EC values decrease gradually. Furthermore, the 
degree of decrease of the EC values was greater in the magnesium sulphate solution than that in the sodium sul-
phate solution. This phenomenon implies that the specimens that were immersed in magnesium sulphate solution 
produced many secondary minerals on the specimen surface. This phenomenon was also observed from the results 
of the XRD and SEM-EDS.

Reflecting the above reaction, the degradation progresses and Equotip hardness numbers decreased. The HESPC 
specimens decreased more rapidly than did the HAC specimens. As seen in the SEM results, cracks were propa-
gated in the HESPC specimens. Thus, the solution tended to penetrate into the inside of the specimen and creates 
pressure when salts, e.g., gypsum, were crystallised. However, the HAC specimens did not exhibit such cracks and 
did not significantly decrease the hardness during the experiment.

It can be concluded that the specimens that were immersed in sodium sulphate solution tended toward rapid 
hardness decreases on the specimen surface. Although magnesium sulphate solution tends to produce secondary 
minerals, the hardness of the specimen surface decreased more severely in sodium sulphate solution than in mag-
nesium sulphate solution. The surface hardness reduction occurs more in deterioration during the recrystallisation 
of sodium sulphate rather than during the reprecipitation processes of mortar components, such as CaCO3 and 
gypsum production.
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Molecular hydrogels composed of low-molecular-weight gelators or polymer gelators have attracted attention not 
only as alternative materials for polymer gels but also as new types of soft matter capable of responding to multiple 
external stimuli [1]. In gels, whereas thixotropic gels are expected to be medical materials for its biocompatible 
and spreadable properties, to add thixotropic properties to gels is not easy issue [2-4]. Here this study demonstrates 
a simple method to create thixotropic hydrogel by mixing hydrogelators and inorganic nanosheet, Laponite [5].

Palmitoyl-glycine-histidine hydrogelator (PalGH) was provided by Nissan Chemical Industries, Ltd. and used as 
received. Polymer hydrogelator, poly(3-sodium sulfo-p-phenylene terephthalamide) (NaPPDT) was synthesized 
as shown in the literature [6]. Laponite® XLG (Rockwood Additives Limited) was provided by Wilbur-Ellis Co., 
(JAPAN) LTD. and used as received. The gelation and thixotropic behavior of mixtures were evaluated using the 
vial inversion method and then rheometric measurements were conducted for quantitative evaluation.

In the two-component composite hydrogel comprising 1 wt% of PalGH hydrogel and 1 wt% Laponite aqueous 
solution, thixotropic behavior was observed. The individual components did not exhibit thixotropic behavior at the 
same concentration. Moreover, a 2 wt% PalGH hydrogel showed thixotropic behavior but required longer time for 
recovery to the gel state after shaking comparing to the composite. Furthermore, 1 and 2 wt% Laponite aqueous 
solutions remained in the liquid state. This mixing enhancement for composite may be due to the formation of an 
improved network of closer and finer fibers compared with that found in one-component systems. 

The same type of mixing enhancement was also observed in two-component composite hydrogel comprising NaP-
PDT and Laponite aqueous solution in lower concentration region.

[1] Recent review for molecular gels; Du, X.-W., Zhou, J., Shi, J.-F., Xu, B. (2015). Supramolecular Hydrogelators and Hydrogels: From Soft 
Matter to Molecular Biomaterials. Chemical Reviews. 115, 13165−13307.

[2] Ohsedo, Y., Watanabe, H., Oono, M., Tanaka, A. (2013). Mixing Enhancement Effect of Low-Molecular-Weight Organogelators for 
Thixotropic Organogel Creation. Chemistry Letter. 42, 363−365.

[3] Ohsedo, Y., Watanabe, H., Oono, M., Tanaka, A. (2013). Improved Mechanical Properties of Alkylamide Organogels Via a Mixing En-
hancement Effect. RSC Advances. 3, 5803−5806.

[4] Ohsedo, Y., Taniguchi, M., Oono, M., Saruhashi, K., Watanabe, H. (2015). Long-Chain Alkylamide-Derived Oil Gels: Mixing Induced 
Onset of Thixotropy and Application in Sustained Drug Release. New Journal Chemistry, 39, 6482−6490.

[5] Ohsedo, Y., Oono, M., Saruhashi, K., Watanabe, H., Miyamoto, N. (2014). A New Composite Thixotropic Hydrogel Composed of a 
Low-Molecular-Weight Hydrogelator and a Nanosheet. RSC Advances. 4, 44837−44840.

[6] Ohsedo, Y., Oono, M., Saruhashi, K., Watanabe, H. (2015). New Water-Soluble Aromatic Polyamide Hydrogelator with Thixotropic 
Properties. RSC Advances. 5, 90010−90013.
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HECTORITE-LIKE LAYERED SILICATE
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Change in the periodic array of particles (tissue) by absorption of molecules makes a possible application as sens-
ing in which the structural color of the assemblies responds with chemicals. Lotsch and Ozin have reported that a 
synthetic smectite is useful as the building blocks to construct a clay Blagg stack film [1] and an all-clay inverse 
opal superstructure [2]. The smectite part has played an important role in sensing molecules or cations because 
swelling by the intercalation changes the periodicity, leading to vary the structural color. Here we report an amor-
phous colloidal array film comprised of monodisperse spherical silica particles and a synthetic hectorite-like lay-
ered silicate. We have developed a method to provide monodisperse spherical silica particles coated with swellable 
layered silicate microcrystals that possess swelling and ion exchange abilities [3]. The structural color of the coated 
particles supported on a substrate will respond to ion-exchange reactions with an organic cations.

The hydrothermal synthesis of the coated particles was performed based on the previous report [3b]; monodisperse 
spherical silica particles (200 and 250 nm) were allowed to react hydrothermally (373 K) in a Teflon-lined auto-
clave with an aqueous solution of LiF and MgCl2 at a molar ratio of Li:Mg:Si=0.84:0.69:8.0 in the presence of 
urea (equal mole of Si) for 2 d. In some cases, the added amount of Li and Mg was doubled to increase the loading 
amount of the layered silicate. The precipitate was then collected by centrifugation, followed by being washed 
with mixture of water and ethanol (50/50=v/v). After the resulting solid was dispersed in a LiF aqueous solution, 
the aqueous suspension was cast on a quartz substrate without any surface modification. A cationic surfactant 
(dimethyl(distearyl) ammonium bromide) was used as the ion-exchange experiment. Diffuse reflectance spectros-
copy was used to obtain the reflectance spectra of the cast film.

Fine particles of stacked layers were observed on all monodisperse spherical particle surfaces in the TEM im-
ages. The fine particles were ascribable to hectorite-like layered silicate as revealed by the XRD analysis. The 
particle size distribution of the hybrid silica was recorded using TEM images to be 193±4 nm (Li:Mg=0.84:0.69) 
and 191±2 nm (Li:Mg=1.68:1.38) when 200 nm in diameter was used as the starting silica. After the reactions 
with the cationic surfactant, the average diameter increased to be 196±8 nm (Li:Mg=0.84:0.69) and 199±9 nm 
(Li:Mg=1.68:1.38), reflecting from the thickness of the hectorite stacked layers on the silica. Because the basal 
spacing of the layered silicate increased to 2.2 nm by the intercalation of the surfactant in both samples, it is strong-
ly suggested that the observed increase in diameter is derived from the interlayer expansion. 

The color of the supported films before the reactions was blue and green (angle-independent), when using the 
starting silica in diameter was 200 and 250 nm, respectively, and position of a peak in the reflection spectrum was 
415 and 522 nm. Because the position differed depending on the silica size used, the observed color is possibly due 
to structural color of opal superstructure. Amorphous array packing was observed in the SEM observations rather 
than hexagonal close and face centered cubic packing, indicating amorphous photonic crystals with only short-
range order [4]. Each peak red-shifted upon the reactions with the cationic surfactant to 425 nm (for 200 nm-silica) 
and 532 nm (for 250 nm-silica). Hence, we assume that the observed structural color change was induced by in-
crease in diameter of the coated particles accompanied by swelling of the silicate.

[1] Lotsch B.V., Ozin G.A. (2008). Clay Bragg stack optical sensors. Adv. Mater., 20, 4079-4084.
[2] Lotsch B.V., Ozin G.A. (2008). All clay photonic crystals. J. Am. Chem. Soc., 130, 15252-15253.
[3] (a) Okada T., Yoshido S., Miura H., Yamakami T., Sakai T., Mishima S., (2012). Swellable microsphere of a layered silicate produced 

by using monodispersed silica particles. J. Phys. Chem. C., 116, 21864-21869; (b) Okada T., Suzuki A., Yoshido S., Minamisawa H.M. 
(2015). Crystal architectures of a layered silicate on monodisperse spherical silica particles cause the topochemical expansion of the core-
shell particles. Microporous Mesoporous Mater., 215, 168-174; (c) Okada T., Sueyoshi M., Minamisawa H.M. (2015). In situ crystalliza-
tion of Al-containing silicate nanosheets on monodisperse amorphous silica microspheres. Langmuir, 31, 13842-13849.

[4] (a) Harun-Ur-Rashid M., Imran A.B., Seki T., Ishii M., Nakamura H., Takeoka Y. (2010). Angle-independent structural color in colloidal 
amorphous array. Chem. Phys. Chem., 11, 579-583; (b) Shi L., Zhang Y., Dong B., Zhan T., Liu X., Zi J. (2013). Amorphous photonic 
crystals with only short-range order. Adv. Mater., 25, 5314-5320.
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Halloysite is a natural nanotube consisting of kaolinite layers. This unique clay mineral is an attractive nanoma-
terial with a wide range of possible applications [1,2]. For instance, halloysite is a promising candidate of drug 
deliverer [1,2], because it is ubiquitous, inexpensive and biocompatible.

In spite of the expectations for the applications, detailed structures and the origin of the tubular morphology have 
not been understood. However, recent advanced experimental techniques are changing the situation. For exam-
ple, Kogure et al. [3] revealed the fundamental structure of halloysite using high-resolution electron microscopy 
with a computer-assisted minimal-dose system. They showed that the axis of the halloysite tube is perpendicular 
to the mirror plane [4] in the kaolinite layer. On the other hand, the curving mechanism of the kaolinite layers in 
halloysite is still unclear [1]. Several origins of the curving have been proposed: mismatch of lateral dimensions 
between tetrahedral and octahedral sheets, tetrahedral rotation, interlayer hydroxyl groups in octahedrons, and 
surface tension of water [1].

In this study, we performed first-principles simulations of the curved kaolinite layer using the plane wave density 
functional theory (Vienna Ab-initio Simulation Package, VASP) [5-9] to examine the axis direction and curvature 
radius of the tubular halloysite reported by Kogure et al. [3]. We considered six models corresponding to the 
possible axes of the cylinder/scroll structures, considering the symmetry of the kaolinite layer. For each system, a 
single kaolinite layer, which had infinite length in the axis direction by the periodic boundary condition and two 
edges of about 30 nm in length in the direction perpendicular to the axis, was prepared. In order to find the opti-
mum curvature radius, we performed geometrical optimizations for these six models and found that every kaolinite 
layer bended in the direction perpendicular to the axis with a curvature but the energy and curvature radius were 
different among the models. In addition, we made larger models with 50 nm length to confirm the results in the 30 
nm systems and check the finite-size effect. From these calculations, the most energetically stable model and its 
curvature radius were consistent with the experimental results [3]. 

Furthermore, we made an artificial model whose hydroxyls in the kaolinite sheet were replaced by fluorines. Our 
result showed that the fluorine halloysite shows smaller curvature than one of the normal halloysite. This implies 
that the hydrogen atoms in the halloysite plays a critical role on determining the curvature radius.

Our results showed that halloysite curves spontaneously without thermal effects and external forces. The origin of 
the curved kaolinite layer is repulsion among silicons in the tetrahedral sheet, which is consistent with a scenario 
proposed by Singh [10].

[1] Yuan P., Thill A., Bergaya F. (Ed.) (2016). Nanosized Tubular Clay Minerals: Halloysite and Imogolite. Elsevier, Amsterdam.
[2] Duarte H.A., Lourenço M.P., Heine T., Guimarães L. (2012). Clay Mineral Nanotubes: Stability, Structure and Properties, Stoichiometry 

and Materials Science - When Numbers Matter, Dr. Alessio Innocenti (Ed.). InTech, DOI: 10.5772/34459.
[3] Kogure T., Mori K., Drits V.A., Takai Y. (2013). Structure of prismatic halloysite. American Mineralogist 98, 1008.
[4] Bookin A.S., Drits V.A., Plancon A., Tchoubar C. (1989). Stacking faults in the light of real structure. Clays and Clay Minerals 37, 297.
[5] Kresse G., Hafner J. (1993). Ab initio molecular dynamics for liquid metals. Physical Review B 47, 558.
[6] Kresse G., Hafner J. (1994). Ab initio molecular-dynamics simulation of the liquid-metal-amorphous-semiconductor transition in germa-
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[7] Kresse G., Hafner J. (1994). Ab initio molecular-dynamics simulation of the liquid-metal-amorphous-semiconductor transition in germa-
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Large amounts of radiocesium were released into the environment due to the Fukushima Dai-ichi nuclear power 
plant (FDNPP) accident. A large part of radioactive cesium is adsorbed by soil within 10cm thickness from the 
surface. To reduce the air dose rate in Fukushima area, the Japanese Government has performed large scale de-
contamination campaigns mainly using surface soil removal technique. It is efficient to reduce dose of the gam-
ma-ray. But, another serious social issue has raised: designation of disposal sites of the waste soil produced by the 
decontamination. The amount of waste soils is too much beyond the normal notion of Japanese land use. To solve 
the serious problem, economical and ecological techniques of volume reduction and safe storage for the waste soil 
are needed. But development of such techniques has not been realized yet. One of reasons for difficulty of devel-
opment of these techniques is lack of microscopic knowledge about interaction between radiocesium and soil. It 
has revealed that micaceous clay minerals are good adsorbents, which have several adsorption sites with different 
strength of adsorption. But mechanisms of adsorption are still open problems, because the unknown mechanisms 
are related to microscopic structures of the adsorption sites which are difficult to be approached by recent advanced 
experimental techniques. In order to reveal adsorption mechanisms of the various sites in micaceous clay minerals, 
we performed numerical simulation of basal surfaces, edges, frayed edges, and interlayer sites. We used density 
functional theory (DFT) and classical molecular dynamics (MD) simulation techniques. In this presentation, we 
show a brief summary of results of our recent studies:
• MD study of cesium adsorption on the basal surface of several micaceous clay minerals [1] 
We performed MD simulation of cesium adsorption onto basal surfaces of six clay minerals with different layer 
charges and structures of the octahedral sheets. Potentials of mean forces of cesium adsorption on each clay min-
eral were evaluated. It is revealed that layer charge dominates adsorption strength and clay minerals with dioctahe-
dral sheet gives stronger affinity of cesium than ones with trioctahedral sheet due to electrostatic repulsion between 
adsorbed Cs+ and the H atom of the OH- ion in the octahedral sheet. 
• MD simulation of edge sites [2]
We made a model of illite particle including edge adsorption sites. Free energies of ion exchange reactions among 
cesium, potassium, and sodium are evaluated. As a result, high selective adsorption of cesium against sodium on 
the edge sites was found, which is different from the adsorption on the basal surface.
• DFT study of frayed edge sites [3]
Frayed edge site (FES) is known as an adsorption site which shows strong affinity of cesium, which has a char-
acteristic “wedge” structure. To reveal effects of the wedge structure on the affinity of cesium, we made simple 
models of FES with several interlayer distances of the wider side of the wedge structures. From the simulation, 
it was revealed that the interlayer distance plays a critical role on the selective adsorption of cesium, i.e., strong 
affinity of cesium is caused by matching of the ion radius of cesium with the interlayer distance.
• DFT simulation of interlayer sites [4]
Recent experiment showed that cesium ions can migrate into deep part of interlayer of phlogopite [5]. This is 
counter intuitive because it is expected that they are adsorbed near edge like another observation on muscovite. 
To understand this phenomenon, we evaluated adsorption energy of serial adsorption of cesium by muscovite, 
phlogopite, and annite. It was revealed that this phenomenon is also related to ion radius and interlayer distance: 
occupation of interlayer by single type of ion gives constant interlayer distance which is energetically stable.

[1] Kerisit S., Okumura M., Rosso K.M., Machida M. (2016). Molecular Simulation of Cesium Adsorption at the Basal Surface of Phyllosil-
icate Minerals. Clays and Clay Minerals 64, 389.

[2] Lammers L.N., Bourg I.C., Okumura M., Kolluri K., Sposito G., Machida M. (2017). Molecular dynamics simulations of cesium adsorp-
tion on illite nanoparticles. Journal of Colloid and Interface Science 490, 608.

[3] Okumura M., Nakamura H., Machida M. (2013). Mechanism of Strong Affinity of Clay Minerals to Radioactive Cesium: First-Principles 
Calculation Study for Adsorption of Cesium at Frayed Edge Sites in Muscovite. Journal of the Physical Society of Japan 82, 033802.

[4] Okumura M., Nakamura H., Machida M. (2014). Energetics of Atomic Level Serial Ion Exchange for Cesium in Micaceous Clay Min-
erals. Clay Science 18, 53.
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Zeolites are highly crystalline hydrated aluminosilicate clays. The superior ion exchange capacity and high internal 
porosity of zeolites make them ideal for various applications, such as in dye adsorption, cementitious mixtures, 
slow release filters, heavy metal removal, adjuvant anticancer therapy, and catalysis [1-6]. Copper-exchanged 
zeolite is starting to gain attention due to its important role as catalysts in industrial processes such as in NOx 
decomposition, hydrocarbon conversion, and sulfur removal in petroleum products [7]. Moreover, its potential as 
antibacterial agent in water treatment is already being realized. Copper is a well-known antibacterial agent [8-9], 
but problems arise such as leaching and oxidation. An answer to this problem is by encapsulating the Cu in cage-
like matrices, such as zeolites.

Cu-exchanged Philippine natural zeolites from SAILE Industries, Inc. in Mangatarem, Pangasinan, Philippines 
were successfully characterized for its physical and chemical properties. Scanning Electron Microscopy (SEM) 
was employed to investigate the morphology of the sample during each stage of the sample preparation. On the 
other hand, X-ray diffraction was used to determine the mineral composition, as well as to observe the presence 
of Cu in the sample and the effect of calcination on the structural properties. To determine the zeolite’s chemical 
composition, X-ray fluorescence was used.

Philippine natural zeolite was ground up to a range of 35 μm >Dp>180 μm size fractions. The ground zeolite was 
then soaked in HCl, and then washed several times with blue litmus paper until a neutral pH was achieved and 
no chlorine is detected. Next, the sample was sodium activated. It is then washed thoroughly until no chlorine is 
present. The sample was further oven-dried at 110 °C for 5 hours. The dried zeolite was dispersed in copper sulfate 
(CuSO4 5/2H2O), forming a slurry for 24 h. The copper exchanged zeolite is then washed to remove excess copper 
and air dried for 24 hours. Finally, the samples were calcined at varying temperatures of 600 °C and 800 °C for 5 h.

Morphological analysis revealed the natural zeolites to be of porous and plate-like structures, which suggests 
the presence of clinoptilolite-heulandite family of zeolites. After Cu-exchange, no change in the structure was 
observed, but upon annealing at 600 °C, CuO nanowires appeared. The XRD results confirmed the dominance of 
clinoptilolite and heulandite in the natural zeolite sample. The Cu-treated zeolite annealed at 600 °C also showed 
clinoptilolite-heulandite peaks, as well as a broad CuO peak. Annealing at a higher temperature of 800 °C led to 
the amorphization of the zeolite peaks, which suggests that the zeolite structure may have collapsed at this tem-
perature. The CuO peak also became more crystalline, which is expected to occur at high temperatures. Chemical 
analysis by XRF determined that the sample contained 8.10% CuO after Cu-exchange and annealing, which is 
desirable for a wide variety of applications.

Keywords: Philippine Natural Zeolite, Cu-Zeolite, Clinoptilolite.
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The popularity of silver nanoparticles in medicine and health care is attributed to its broad spectrum of antimicro-
bial activity and low manufacturing costs [1]. Zeolite is an attractive choice as a carrier support due to its properties 
like ion exchange capacity, specific surface area, chemically inert, non-toxic, and availability. There are many 
studies incorporating silver nanoparticles into the zeolite super cage; however, the use of toxic reducing agents 
like sodium borohydride along with a stabilizer is necessary. A study by Bashir and Khan [2], have demonstrated 
the mechanism by which hydroxyl groups in amylose from starch aids in the reduction of silver ions. Similarly, 
coffee contains several hydroxyl groups found in its phenol compounds that can reduce silver [3]. Coffee is a safe 
reducing agent, capping agent and antimicrobial agent [4]. 

In this study, varying amounts of extracts from Arabica ground coffee (GC) and ground coffee waste (GCW) are 
used as reducing agents in the ion-exchange of silver in sodium pre-treated zeolite. 

The mordenite type zeolite from SAILE Industries, Inc. Mangatarem, Pangasinan, Philippines is sodium activated 
and was suspended in a silver acetate solution under constant stirring. Varying amounts of coffee extracts were 
then added to a total volume of 50mL solution. The system was then allowed to age in the dark environment for 
24 h. Afterwards the material was filtered, washed and dried at 80C for 8 h. Characterization techniques for the 
Ag-Zeolite are XRD, AAS, SEM and PSA. The Ag-Zeolite was tested for its antimicrobial properties against Es-
cherichia coli and Staphylococcus aureus.

The AAS result indicates that with varying coffee extract dosages, the 15ml dosage for both GC and GCW as 
reducing agents show the highest silver concentration unto the zeolite. The antimicrobial assays indicate that 
all Ag-Zeolite materials with GC and GCW reducing agents inhibited growth for both bacteria. The Ag-Zeolite 
with GCW as reducing agent shows higher antimicrobial index results against both bacteria as compared with the 
Ag-Zeolite with GC. 

Keywords: silver zeolite, mordenite, green synthesis, silver nanoparticles, coffee extract.
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In any surface excavation involving cut slopes, the minimum requirement for an open pit mine operation is a slope 
stability analysis. Such study is done to assess the stability of the mine slope after excavation based on the orien-
tation of its geological structures and the rock discontinuities and the rock mass rating in general. This will locate 
safe zones, critical failure surfaces, and calculate the factors of safety based on the applied numerical methods. 
This will also determine the vulnerability of the slope to various modes of failure. The use of different method-
ologies with increasing complexity in analysis will aid in validating the results. It will further help in quantifying 
clay-soil rock mass behaviour. Mine operations having relatively loose and soft commodities may also benefit 
from the study to increase mine safety and create more effective designs. 

An interstratified clay (zeolite-bentonite) open pit mine project located at Mangatarem, Pangasinan, was geome-
chanically classified and preliminarily assessed for its slope stability using kinematic analysis. Field investigations 
were conducted to define rock mass, which were then complimented with laboratory tests of rock samples. The 
rock mass was classified geomechanically using Rock Quality Designation (RQD), Rock Mass Rating (RMR), and 
Slope Mass Rating (SMR). Kinematic analyses were conducted using Markland’s test for plane and wedge sliding 
failure, and Goodman’s test for toppling failure. The clay minerals were characterized with XRD to determine its 
mineralogy and XRF for its elemental analysis and composition. 

The open pit mine operation encompasses five stratigraphic relations. The Zambales Ophiolite Complex spans 
from west to southwest, and is overlain by the Aksitero Formation near the claim’s western margin. The Moriones 
Formation extensively occupies the north and northeast. Quarternary Alluvia are found on the southeast and north-
west. The Andesitic/Dacitic Plug on southwest is more popularly known as Mount Malabobo. 

On the basis of the classification systems, the rock mass of the open pit mine was rated to be fair to good rock. The 
kinematic analyses indicated low probability of structurally controlled failures in the mine site. It is concluded that 
current working design and condition of the mine is sufficiently safe, and no stabilization measures are necessary.

Keywords: philippine clay mine, slope stability, rock mass rating.
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Zeolites are microporous crystalline aluminosilicates with excellent adsorption and cation exchange capabilities. 
These properties allowed the minerals to be widely used in several drug delivery systems and antimicrobial ap-
plications. Studies have shown that zeolites have the ability to control ion release which aids in the prevention 
of concentration-dependent toxicity. These properties therefore, were shown to be suitable candidates as fillers to 
polymer matrices for biomedical applications. 

In this study, sodium-treated Philippine natural zeolites from SAILE Industries, Inc. in Mangatarem, Pangasinan 
where modified thru ion exchange method to incorporate silver ion. A ratio of 1g:5mL of natural zeolite and 0.05 M 
AgNO3 solution was used for the said process. The filtered zeolites were then calcined at a temperature of 400 °C 
for 5h. The Ag-exchanged zeolites (Ag-Z) were then dispersed in a chitosan polymer matrix (AgZ-Ch) thru solvent 
casting approach. A 5% (w/v) of Ag-Z suspension was used to produce the chitosan composites with varying Ag-Z 
contents ranging from 0% to 2.0%. The Ag-Z-Ch samples were also exposed to Argon plasma at 30 Pa for 120 
seconds to determine the possible effect of the modification to the composites. The synthesized Ag-Z and Ag-Z-Ch 
samples were then characterized for its thermal stability, sterility and water absorption capability. 

Thermal analyses of Ag-Z and Ag-Z-Ch composites were done using thermogravimetric analysis (TGA) and dif-
ferential thermogravimetric analysis (DTG). Results showed that the onset of degradation for the Ag-Z sample is 
45.45 °C. This is about 59% lower than the onset for water loss of Na-zeolites and this can be due to the introduc-
tion of Ag into the structure of zeolite. Moreover, 80.98% of the Ag-Z samples retained after degradation. On the 
other hand, the thermal analysis of the Ag-Z-Ch composites showed three degradation steps. It was also shown 
that the increasing Ag-Z content (0 to 2.0 wt%) results to decreasing onset of the first degradation step, from 60.9 
to 44.37 °C. Sterility testing was done by transferring the pristine and plasma-treated Ag-Z-Ch composites into a 
Tryptic Soy Broth (TSB) solution bottles, incubating these samples at 35 °C and streaking on a Nutrient Agar (NA) 
plates. The test was utilized to determine the presence or potential of the samples for bacterial growth. The results 
of the test showed no colony form in every unit of the NA plates, indicating that the presence of Ag-Z and plasma 
treatment could not induce bacterial growth on the surface of the composite samples. Water absorption capacity of 
the composite is expected to improve due to the presence of Ag-Z as well as via plasma modification. 

Overall, the composites have met the initial properties of a biomaterial: 1) thermally stable wherein it will not 
degrade at normal body temperature (37 °C); 2) the composite will not induce bacterial growth upon entering the 
human body; and 3) has the capacity to absorb water. These shows the potential of the Ag-Z-Ch composite for 
biomedical application.

Keywords: Philippine natural zeolite, chitosan, sterility, thermal stability, biomedical application.
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Plastics made from polymers are one of the main elemental material in commercial and home environments [1]. 
Thus, the incorporation of halogen-based compounds with the aim of retarding the flames without changing the 
qualities of the product was highlighted [2]. The problem of this incorporation into the polymers was in the envi-
ronmental impacts caused, where a large amount of toxins, such as dioxins and furans, were released in the com-
bustion process. To avoid these problems, halogen-free flame-retardants such as nanocomposites has been studied 
[3]. Therefore, the search for materials that present functionality, technological properties, low cost and that are 
sustainable make the bionanocomposites in materials of great interest [4]. Besides the growing search, there is 
currently an ecological appeal, which aims to preserve the environment through the lesser use of fossil-based 
materials.

Bionanocomposites are hybrid materials formed from a continuous phase, usually organic, dispersed in an inor-
ganic phase, which the both materials comes from nature, where at least one of the phases has a nanoscale structure 
[5]. The biopolymers used in this work were pectin and rice starch. Pectin is a polysaccharide extracted from citrus 
fruits, where its structure has carboxylic groups conferring a negative character, which consists of residues of 
uronic acid [6]. Pectin has been widely used in the food industry and as vehicle to controlled drug release [6]. Rice 
starch is a neutral overall charge polysaccharide which has about 72-82% amylopectin, branched chain structure 
and 18 to 33% amylose, linear chain structure[7]. The inorganic compound used was a palygorskite clay, which 
has a 2:1 structure (tetrahedral and octahedral) with fibrous morphology, high porosity and high specific surface 
area (approximately 200 m2/g), as well as the presence of silanols (-SiOH) [5].

For the foam synthesis, a solution of palygorskite clay containing between 5% and 25% of the initial polymer mass 
was kept under stirring with distilled water for 15 to 30 minutes. In parallel, solutions containing 0.12% to 2% 
(m/v) from pectin or rice starch are prepared under stirring using distilled water until complete dissolution. After 
dissolution of biopolymer, the solution was added to the clay solution and kept under stirring for predetermined 
times. Subsequently, the mixture is frozen for 60 h under a temperature of -5 °C and lyophilized for 72 h under 
vacuum, obtaining the bionanocomposite as foam form. The characterization was analyzed by XRD, FTIR, SEM, 
TGA and Burner Test by ASTM D4986-03 method.

The flame retardant properties that were evaluated through the burner test allowed to observe that all the synthe-
sized bionanocomposites, as much as the pectin as the rice starch, presented very promising results, where they 
have resistance to the flame. Besides that, some samples have self-extinguishing behavior.

Thus, the bionanocomposite, which is formed from palygorskite clay, and the pectin or rice starch biopolymers 
exhibits flame retardant properties and may be used in the composition for the production of anti-flame materials.
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[4] Q.H. Zeng, A.B. Yu, G.Q. Lu, D.R. Paul (2005). Clay-based polymer nanocomposites: Research and commercial development, J. Nano-
sci. Nanotechnol. 5, 1574-1592.

[5] E.R. Ruiz-Hitzky, M. Darder, P. Aranda (2005). Functional biopolymer nanocomposites based on layered solids, J. Mater. Chem., 15, 
3650-3662.

[6] G. Abbas, M. Hanif (2017). pH-Sensitive pectin polymeric rafts for controlled-release delivery of pantoprazole sodium sesquihydrate, J. 
Appl. Polym. Sci., 134.

[7] M.H.G. Canteri, L. Moreno, G. Wosiacki, A.d.P. Scheer (2012). Pectina: da matéria-prima ao produto final, Polímeros, 22, 149-157.
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A STUDY ON MINERAL ASSEMBLAGES, TEXTURES AND ZONNING 
PATTERNS OF HYDROTHERMAL ORIGINATED AHIRÖZÜ KAOLIN 
DEPOSITS, MIHALIÇÇIK-ESKIŞEHIR, TURKEY

işil Ömeroğlu, asuman Günal türkmenoğlu

Middle East Technical University, Department of Geological Engineering, 06800 Çankaya/Ankara, Turkey

In this study, the influences of hydrothermal fluids on the mineralogy, texture and composition of the rocks as-
sociated with the kaolin deposits exposed in the area between Ahırözü-Hamidiye-Üçbaşlı villages at the southeast 
of Mihallıççık, Eskişehir were investigated by using mineralogical, petrographical and geochemical methods. In 
the study area, Triassic age blue-green schists and marbles in additon to the serpentinized ultramafic rocks are 
exposed. The kaolinization occurred at their contact with a Triassic age granitic body as a result of an intense 
hydrothermal alteration.

Based on the field observations, mineral associations and textures, the original rocks exposed in the study area 
were identified as basic and felsic igneous varieties and metamorphic rocks having mylonitic textures. Dominantly, 
five different secondary mineralization products were detected as clay, chlorite, listwanite, carbonate (i.e. dolo-
mite) and amorphous silica. Secondary quartz crystals fill the stockwork type microfractures of the host rocks as 
a result of the precipitation of excess silica in the system. Therefore, two types of alterations related with these 
mineralization processes are determined in the study area, namely; argillic and propylitic (Ömeroğlu et al. 2016). 
The mineral paragenesis of argillic alteration is composed of kaolinite, smectite, illite, natroalunite in addition to 
the accessory minerals which are identified as dickite and pyrite. This mineral paragenesis corresponds to low-
intermediate argillic alteration caused by chemical fluids having neutral to acidic pH with low temperature values 
less then 200 °C. On the contrary, the mineral paragenesis of propylitic alteration is composed of key mineral 
epidote and chlorite, illite and pyrite as the main accessory alteration products. The chemistry of the fluids is sug-
gested as having neutral pH with temperatures higher than 250 °C (Ömeroğlu et al. 2016). 

The Ishikawa alteration index (AI) and the chlorite-carbonate-pyrite index (CCPI) have been used to study the 
intensity of alteration occurred in the study area. The AI index has been firstproposed by Ishikawa et al. (1976) to 
reveal the effect of sericite and chlorite alteration formed in the footwall volcanics around Kuroko deposits (Large 
et al. 2001). The main point of this index is the breakdown of sodic plagioclase and volcanic glass resulting in the 
replacement of sericite and chlorite (Large et al. 2001). The index introduces values changing from 20 to 60 for 
unaltered rocks whereas offering values from 50 to 100 for hydrothermally altered rocks with an AI=100 includ-
ing total replacement of feldspars and glass by sericite and/or chlorite. However, chlorite-carbonate-pyrite index 
(CCPI) has also been developed to calculate the increase in the amount of MgO and FeOdue to the occurrence of 
Mg-Fe chlorite in the system whenit replaces albite, K-feldspar or sericite in the igneous rocks andresulted in the 
loss of Na2O and K2O (Large et al. 2001). This index is also connected with carbonate alteration in addition to the 
enrichment of pyrite, hematite and magnetite assemblages. According to the alteration trends, it has been observed 
that the least altered volcanic samples introduceapproximately AI=30. Withan increased carbonate alteration, the 
samples in which CCPI (>90) values have been increased compared to samples dominantly composed of chlorite 
alteration.

In this study, based on the AI and CCPI indexes and alteration box plot, the various alteration degrees of the rocks 
are defined. Petrographic, mineralogical and geochemical data are used to distinguish different alteration zones in 
the study area.

[1] Ishikawa, Y., Sawaguchi, T., Iwaya, S., Horiuchi, M., (1976). Delineation of Prospecting Targets for Kuroko Deposits Based on Modes of 
Volcanism of Underlying Dacite and Alteration Halos. Mining Geology, v.26, 105-117.

[2] Large, R.R., Gemmell, J.B., Paulick, H., Huston, D.L. (2001).The Alteration Box Plot: A Simple Approach to Understanding the Rela-
tionship between Alteration Mineralogy and Lithogeochemistry Associated with Volcanic-Hosted Massive Sulfide Deposits. Economic 
Geology, 957-971.

[3] Ömeroğlu, I., Günal-Türkmenoğlu, A., Demirci, C., (2016). Hydrothermal Alteration Products in the Vicinity of the Ahırözü Kaolin De-
posits, Mihalıççık-Eskişehir, Turkey. 5th Mediterranean Clay Meeting Proceedings/Abstract Book, 48.
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EFFECT OF Fe-CONTAINING IMOGOLITE ON OXIDATION OF CYSTINE
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Imogolite is a naturally occurring aluminosilicate clay mineral with a typical chemical composition of (OH)3A-
l2O3SiOH. It forms tubular structure accompanying with an outer diameter of ca. 2 nm and an inner diameter of 
1 nm. The tube wall consists of a single continuous gibbsite sheet and orthosilicate anions. Although imogolite is 
expected to have a shape-selective character similar to zeolites, two investigations have been carried out to use 
natural imogolite as a catalyst by Imamura [1,2]. Recently we synthesized Fe-containing imogolite and found that 
the synthetic material played as an oxidative catalyst [3], in which phenol was seemed to be directly produced 
via oxidation of benzene by hydrogen peroxide (H2O2) with this catalyst. However, we could not demonstrate the 
oxidative pathway of benzene by this catalyst. Hence, further study is needed to answer a question whether vari-
ous compounds are oxidized by Fe-containing imogolite or not. In this study, we attempted oxidation of sulfur in 
cystine that is an amino acid with a disulfide bond in its molecule. Cystine is used to produce cysteine sulfinic acid 
(CSA) which is a precursor of taurine in biosynthetic pathway in animals. 

The Fe-containing imogolite was synthesized using the mixture of aqueous solutions of FeCl3 and AlCl3 (atomic 
ratio of Al / (Fe+Al) = 0.05) and Na4SiO4 aqueous solution through a careful examination of preparation condi-
tions. The fibrous morphology was observed in the AFM image of Fe-containing imogolite, which is similar to the 
synthetic imogolite. The typical oxidation reaction of sulphur amino acid was carried out using 10 mg of L-cystine, 
0.2 mL of formic acid, 8.1 mL of H2O2 (31 wt.%) and 8 mL of conc. HCl with 20 mg of solid state catalyst such 
as Fe-containing imogolite, imogolite, silica gel and gibbsite. The reaction was continued for 1.5 hr. at 0 °C. The 
reaction was terminated by an addition of water, and the formed amino acids were separated and identified by cel-
lulose TLC densitometry using QuantiScan. A mixture of 1-propanol-acetic acid-water was used as a development 
solvent and 2% ninhydrin solution for visualization. 

Without catalyst, L-cystine S,S-dioxide (CSD) was exclusively observed as a main product accompanying with 
CSA and cysteic acid (CA) at weak levels. This CSD formation did not change when silica gel or gibbsite was used 
as a catalyst, suggesting that these compounds did not affect the cystine oxidation. However, significant level of 
CSA was produced when Fe-containing imogolite was added into the reaction mixture, in which CSA formations 
was increased with an increasing of the catalyst contents (up to 20 mg). The production of these amino acids did 
not change significantly when cysteine was used for the reaction instead of cystine. Our present data suggest that 
Fe-imogolite have a potentiality not to oxidize sulfur in cystine but to promote cleavage of CSD which is formed 
from cystine by oxidation reaction under the condition we employed.

[1] Imamura S., Hayashi Y., Kajiwara K., Hoshino H., Kaito C. (1993). Imogolite: A Possible New Type of Shape-Selective Catalyst, Ind. 
Eng. Chem. Res., 32, 600-603. 

[2] Imamura S., Kokubu K., Yamashita T., Okamoto Y., Kajiwara K., Kanai H. (1996). Shape-Selective Copper-Loaded Imogolite Catalyst, 
J. Catal., 160, 137-139.

[3] Ookawa M., Takataa Y., Suzuki M., Inukai K., Maekawa T., Yamaguchi T. (2008). Oxidation of aromatic hydrocarbons with H2O2 cata-
lyzed by a nano-scale tubular aluminosilicate, Fe-containing imogolite, Res. Chem. Inter., 34, 679-685. 
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STUDIES ON FORMATION PROCESS OF Ge-IMOGOLITE CONTAINING 
Fe BY DLS AND UV-VIS SPECTROSCOPY
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Imogolite is a hydrated aluminosilicate with a unique tubular structure. It can be used as a functional material such 
as a catalyst but it needs to undergo chemical modification. We have discovered that imogolite containing Fe3+ 
has potential as an oxidation catalyst for aromatic hydrocarbons [1] On the other hand, some studies on synthesis, 
structure or formation process of germanium analog of the aluminosilicate imogolite (Ge-imogolite) also per-
formed, recently. Mukherjee et al. [2] indicated that the particle size estimated by dynamic light scattering (DLS) 
implies the tube length. We have also synthesized a Ge-imogolite from the starting solution obtained by dissolving 
GeO2 [3]. Furthermore we synthesized Ge-imogolite containing Fe and found that it served as a catalyst of oxi-
dation reactions of benzene [4]. We have found that the solution with Fe3+ colored at the aging step of precursor 
solution by heat. Since the tubular structure is formed during this step, it is thought that the coloring is related to 
the formation. In this study, the formation process of Ge-imogolite with Fe3+ ions was investigated using by DLS 
and UV-VIS spectroscopy. 

We synthesized Ge-imogolite containing Fe though a modified synthesis method of Ge-imogolite [3]. FeCl3/(AlCl3 
+ FeCl3) = 0 and 0.10 were used as starting compositions. The aqueous solution of mixture of AlCl3 and FeCl3 and 
sodium orthogermanate aqueous solution were mixed and stirred for 1.5 h. The precursor was obtained by adding 
0.5 M NaOH aqueous solution slowly until pH 5.5. The salt-free precursor was obtained by centrifugal separation 
and was then dispersed in deionized water. After addition of dilute HCl and stirring for 2 hours, it was aged at 95 
°C. The sample solution was collected in glassy bottle by a peristaltic pump at given time during aging step. Their 
solutions were analyzed by DLS and UV-VIS spectroscopy. 

The clear peak was observed from a 5 nm to 60 nm and peak top became big gradually in the particle size dis-
tribution obtained by DLS of the aged solution without Fe3+ ions (Fe/(Al+Fe) = 0). The peak top of particle size 
distribution obtained is plotted against aging time. In the case of solution without Fe3+ ions, the values of particle 
size were similar to those reported by Mukherjee et al. [2] in spite of different synthesis method. On the other 
hands, particle size in the solution with Fe3+ ions became bigger at the early stage. It is clear that the grown-up rate 
of tubes was promoted by introducing Fe3+ ions.

The absorption band at ca. 260 nm was observed in UV-VIS spectrum of the solution without aging and it was 
assigned as charge-transfer of Fe3+ in precursor of Ge-imogolite containing Fe. The absorption at ca. 260 nm de-
creased and at the region from 300 nm to 350 nm increased with aging time. These clear changes continued for 48h 
and the isosbestic point was observed at 276 nm. It means the state of Fe3+ species was changed with the formation 
of tubular structure. The small absorption was observed at 485 nm in the second-derivative spectra of aged solu-
tion. The absorption near 481 nm was observed in FeOOH crystal such as goethite or lepidocrocite and it was as-
signed as an electron-paired transition [5]. It is known that the electron-paired transition caused by the pair of edge 
shared or faced shared Fe3+-Fe3+. We suggest that the absorption band near 485 nm in aged solution is assigned as 
an electron paired transition because the absorption position is almost same and there may be opportunities for the 
iron ions adjacent during aging step. The edge shared Fe3+-Fe3+ would form in Ge-imogolite containing Fe3+ when 
Fe3+ ions were substituted by Al3+ ions during formation of the tube structure.

[1] Ookawa M., Takata Y., Suzuki M., Inukai K., Maekawa T., Yamaguchi T. (2008). Oxidation of aromatic hydrocarbons with H2O2 catalyz-
ed by a nano-scale tubular aluminosilicate, Fe-containing imogolite, Res. Chem. Inter., 34, 679-685. 

[2] Mukherjee S., Kim K., Nair S. (2007). Short, highly ordered, single-walled mixed-oxide, Nanotubes assemble from amorphous nanopar-
ticles, J. Am. Chem. Soc., 129, 6820-6826.

[3] Ookawa M., Hirao Y., Watanabe M., Maekawa T., Inukai K., Miyamoto S., Yamaguchi T. (2006). Synthesis of Aluminum Germanate 
Tubular Materials Using Germanium Oxide as the Source of Germanium, Clay Sci., 13, 69-73.

[4] Ookawa M. (2012). Japan Patent, 48899010.
[5] Burns R. G. (1993). Mineralogical Applications of Crystal Field Theory, 2nd ed., Cambridge.
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USE OF ORGANO-FUNCTIONALISED EXPANDIBLE MICAS OF HIGH 
LOAD AS DRUG CARRIERS

santiago mEdina (1), oLga r. LoBato (2), mª dEL mar orta (2)*
(1) X-ray Laboratory, Research, Technology and Innovation Center of the University of Seville, Seville, Spain, (2) 
Department of Analytical Chemistry, Faculty of Pharmacy, University of Seville, Seville, Spain

Clay minerals in their natural forms, are inorganic cation exchangers and so they can carry out ion exchange with 
basic drugs in solution. On the other hand, clay minerals are widely used in conventional pharmaceutical dosage 
[1]. In addition, there are organo-clays with high retention capacity obtained by adsorption processes [2], and the 
synthesis of this type of tailor-made materials could increase the capacity of adsorption of drugs. The objective 
of this work is to study the retention capacity of acetylsalicylic acid by an expandable synthetic organo-mica of 
high load functionalized [3] and to study the structural changes produced in the starting materials after the assays.

An organo-mica functionalized by alkylammonium chains of 18 carbon atoms was synthesized by cation exchange 
reaction. An acetylsalicylic acid adsorption test was designed for the organo-mica at different concentrations. The 
materials involved in this study were characterized by X-ray diffraction techniques, transmission electron micros-
copy, thermal analysis and physisorption. The concentration of acetylsalicylic acid in the supernatant at different 
times was analyzed by HPLC.

The results show that the adsorption of acetylsalicylic acid on organo-mica occurs very rapidly in the first hours, 
being irreversible during the test time. There are not changes in the laminar structure of the organo-mica, decreas-
ing the interlaminar space, which could be explained as a decrease in the angle of inclination of the alkylammo-
nium chains. 

From the results obtained, it can be concluded that these materials could be used in the retention of organic com-
pounds in two senses, one as a decontamination filter in aquatic environments and another for the transportation 
of medicines.

[1] Viseras C., Cerezo P., Sanchez R., Salcedo I., Aguzzi C. (2010). Current challenges in clay minerals for drug delivery. Applied Clay 
Science 48, 291-295.

[2] Belhouchat N., Zaghouane-Boudiaf H., Viseras C. (2017). Removal of anionic and cationic dyes from aqueous solution with activated 
organo-bentonite/sodium alginate encapsulated beads. Applied Clay Science 135, 9-15.

[3] María D. Alba, Miguel A. Castro, M. Mar Orta, Esperanza Pavon, M. Carolina Pazos, Jesus S. Valencia Rios (2011). Formation of Orga-
no-Highly Charged Mica. Langmuir 27, 9711-9718.
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CONTROLLED MOLECULAR THICKNESS IN 2D MICA NANOSHEETS 
FOR TAILORED SEMICONDUCTORS

sanG sub kim (1), minoru osada (2)*, pinG Wu (3), Hyoun Woo kim (4)
(1) Inha University, Incheon, Republic of Korea, (2) National Institute for Materials Science (NIMS), Tsukuba, Japan, (3) 
University of Technology & Design, Singapore, Singapore, (4) Hanyang University, Seoul 133-791, Republic of Korea

Bandgap engineering of atomically thin 2D crystals is critical for their applications in nanoelectronics, optoelec-
tronics, and photonics. Here we report a simple but rather unexpected approach for band engineering of musco-
vite-type mica nanosheets (KAl3Si3O10(OH)2) via controlled molecular thickness. Through an analysis of density 
functional calculations, we analyze electronic structures in 2D mica nanosheets and develop a general picture for 
a tunable bandgap narrowing induced by controlled molecular thickness. From photoluminescence, x-ray pho-
toemission spectroscopy, and conducting atomic force microscopy, we observe an abnormal bandgap narrowing in 
2D mica nanosheets, contrary to well-known quantum size effects. In mica nanosheets, decreasing the number of 
layers results in reduced bandgap energy from 7 eV to 2.5 eV, and the bilayer case exhibits a semiconducting nature 
with ~2.5 eV. Structural modeling by transmission electron microscopy and density functional calculations reveal 
that this bandgap narrowing can be defined as a consequence of lattice relaxations as well as surface doping effects. 
These band gap engineered 2D mica nanosheets open up an exciting opportunity for new physical properties in 2D 
materials and may find diverse applications in 2D electronic/optoelectronic devices.

[1] Kim, S.S., Osada, M., et al., (2015). “Tunable bandgap narrowing induced by controlled molecular thickness in 2D mica nanosheets”, 
Chem. Mater., 27, 4222-4228 (2015).
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PHOTODEGRADATION OF TETRACYCLINES ADSORBED ON CLAY 
MINERALS UNDER SUNLIGHT

josy a. osajima (1)*, maria G. fonseCa (2), edson. C. da silva filHo (1), ana sanCHéz-polo (3), 
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The resistance of some compounds to conventional treatments engenders the search for alternative methods, such 
as photodegradation. Antibiotics and photoproducts are found in the environment, indicating that these compounds 
are persistent in the environmental. Commonly, clay minerals are used as adsorbents for the treatment of waste-
water containing organic micropollutants, such as dyes or drugs [1,2]. However, adsorption processes do not 
promote the degradation of the molecules, therefore, they are to provide only one of the polluting compounds 
phase shift [3]. In this perspective, many studies have been conducted in order to apply the clay on systems that 
actually cause the degradation of these contaminants [4]. The goal of this work was to investigate the degradation 
of the tetracyclines adsorbed on clay minerals under sunlight for water treatment. The tetracyclines were tetracy-
cline (TC) (Fagron) and docytetracycline (DC) (Fagron). The selected clay minerals were: sepiolite was provided 
by Vicalvaro (Spain) (SV); palygorskite (Pharmasorb colloidal©, PHC) was from BASF, and montmorillonite 
(VeegumHS©, VHS) was kindly donated by Vanderbilt Minerals (USA). All the clays were sieved (90-125 µm) 
before use. The drugs were used as received, without further purification. The product interaction experiments 
were performed based on previous study [5]. The used drug concentration was 2.0 gL-1 in 20.0 g of the each clay 
mineral. Microwave extraction was performed by Milestone microwave extraction system equipped with 12 teflon 
vessels carrousel and internal temperature control. The maximum irradiation power was 400 W. Sample of 0.105 
g was transferred in the teflon vessel and 20.0 mL of deionized water was added. After, microwave irradiation (20 
min, 80 °C), the extract was transferred in the PP tube and centrifuged for 15 min at 10500 rpm and the solution 
was filtrated using 0.45 µm filter micropore. The concentration of TCs was determined by Acquity HPLC System 
(Waters), column (Waters CORTECS™ C18 column 2.1 x 75 mm, 2.7 µm) with a flow rate of 0.4 mLmin-1. The 
mobile phase was a misture of water with acetonitrile. The products of interactionwere irradiated and put in a Petri 
dish to be collected on pre-determined times. The solar simulator used was model 1500 Solarbox, equipped with a 
Xenon lamp (irradiance range from 250 to 1100 Wm-2) that supplies radiance energy in spectral range from 290 to 
800 nm. The used clay mineral has decreased the efficiency of the photodegradation of these antibiotics. Although, 
it is important to increase the exposure time of the interaction product in order to investigate possible structural 
changes of the systems [6].

[1] E. Stathatos, D. Papoulis, C.A. Aggelopoulos, D. Panagiotaras, A. Nikolopoulou (2012). TiO2/palygorskite composite nanocrystalline 
films prepared by surfactant templating route: Synergistic effect to the photocatalytic degradation of an azo-dye in water, J. Hazard. Mater. 
211, 68-76.

[2] Y Zhang, W Wang, J Zhang, P Liu, P Wang (2015). A comparative study about adsorption of natural palygorskite for methylene blue, 
Chem. Eng. J. 262, 390-398.

[3] L. Karimi, S. Zohoori, M.E. Yazdanshenas (2014). Photocatalytic degradation of azo dyes in aqueous solutions under UV irradiation using 
nano-strontium titanate as the nanophotocatalyst, J. Saudi. Chem. Soc. 18, 581-588.

[4] A. Khataee, M. Sheydaei, A. Hassani, M. Taseidifar, S. Karaca (2015). Sonocatalytic removal of on organic dye using TiO2/Montmoril-
lonitenanocomposite, Ultrason. Sonochem. 22, 404-411.

[5] Aguzzi C., Cerezo P., Sandri G., Ferrari F., Rossi S., Bonferoni C., Caramella C., Viseras C.I. (2014). Intercalation of tetracycline into 
layered clay mineral material for drug delivery purposes. Materials Technology: AdvancedBiomaterials, B96-B99.

[6] Sturini M., Speltini A., Marashi F., Rivagli E., Pretali L., Malavasi L., Profumo A., Fasani E., Albini A. (2015). Sunlight photodegrada-
tion of marbofloxacin and enrofloxacin adsorbed on clay minerals. Journal of Photochemistry and Photobiology A: Chemistry, 103-109.
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WATER INDUCED SOIL EROSION ASSESSMENT AND MONITORING 
USING REMOTE SENSING AND GIS
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The average and high mountain country semi-arid such as it appears in the High Atlas, seems a original domain 
very different from the wet mountain and temperate. The precipitations and the mediocrity of the vegetable cover 
are brutal and powerful there: it is a mountain dissected by the streaming at all elevation, even if in High Mountain 
the mark of the gelifraction which starts the mass movement of material, such as rock, earth or debris, down the 
slope of a hill or cliff.

The Imini plateau is a capable area for occurrence various kinds of erosion because of its mountainous feature, 
geological and climatologic variety. The main objective of this research is to produce adetailed water erosion sus-
ceptibility map for the Imini and Ounilla basin in the south front of the high Atlas of Marrakech. Erosion suscep-
tibility zoning involves a degree of interpretation and spatial distribution rate of the terrain units according to their 
propensity to produce erosion which is that dependent on topography, geology, geotechnical properties, climate, 
vegetation and anthropogenic factors such as development and clearing of vegetation.

The province of Ouarzazate is characterized by its oasis landscapes. Agriculture is the main activity in this region. 
The geographical distribution of population, shows a high concentration along the main roads and the banks of the 
main wadis.

The area has a semi-arid to arid desert climate. The average annual rainfall averages generally up to 120 mm . 
The distribution of rainfall in the year shows two seasons, dry from April to September and wet from November 
to March.

This study was conducted using a Geographic Information System (GIS), in order to prioritize the different areas 
of the sub-watershed, producing a synthetic map for the distribution of degrees of sensitivity to erosion.

In effect, three classes of multifactorial vulnerability to water erosion have been distinguished areas with low vul-
nerability 40,18%; the areas to medium vulnerability 24.93% and areas highly vulnerable 34,88%. As well, in the 
sub-basin, the classes at medium and high multifactor vulnerability represent 60% of the area.

Keyword: water erosion, vulnerability, GIS, semiarid climate.

[1] Boukrim, S., Abderrahim, Lahrach., Abdelbasset, Midaoui., Faiza, Benjelloun., Mohammed, Benabdelhadi. et al. (2016). Cartographie 
De L’erosion Qualitative Des Sols Du Bassin Versant De L’aoudour (Rif-Maroc), European Scientific Journal vol.12, No.11 pg 2.

[2] M Agoussine, M El Mehdi Saidi & B Igmoullan. (2004). Reconnaissance des ressources en eau du bassin d’Ouarzazate (Sud-Est maro-
cain), Bulletin de l’Institut Scientifique, Rabat, section Sciences de la Terre, 2004, n°26, 81-92.

[3] (Jacek Malczewski, GIS and Multicriteria Decision Analysis).
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GEOCHEMICAL CHARACTERISATION OF THE <2 μm FRACTION 
OF CRETACEOUS-TERTIARY KAOLINS FROM EASTERN DAHOMEY 
AND NIGER DELTA BASINS, NIGERIA: IMPLICATIONS ON 
PALEOENVIRONMENT, PROVENANCE, AND TECTONIC SETTINGS
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The geochemistry of the <2 μm fraction of Cretaceous-Tertiary Kaolins from Eastern Dahomey and Niger Delta 
Basins, Nigeria was conducted to infer their paleoenvironment, provenance, and tectonic settings using major, 
trace, and rare earth elements (REE). A total of twenty-eight (28) samples comprising of fifteen (15) Cretaceous 
and thirteen (13) Tertiary kaolins, respectively, were collected. Weathering indices such as chemical index of 
alteration (CIA, 96.98-99.39) and chemical index of weathering (CIW, 98.76-99.89) suggested intense chemical 
weathering under a wet tropical climatic condition [1,2]. V/Cr ratio and bivariate plots of V versus Ni and Ni ver-
sus Co indicated that they were deposited under marine anoxic environment which is consistent with the horst and 
graben structural framework model of the Eastern Dahomey and Niger Delta Basins [3,4]. The major, trace and 
REE data suggest that these deposits were derived from a mixture of mafic, intermediate, and felsic source rocks. 
The mafic source rock contribution was inferred based on the geochemical discriminant plot [5], relatively high 
TiO2, and Ni contents which could not be directly related to a granitic source [6]. Bivariate plots of TiO2 versus 
Al2O3 indicated intermediate-mafic source whereas Th/Co versus La/Sc, and trivariate plot of La-Th-Sc plotted on 
the fields of intermediate-granitic source [7]. Based on the REE ratios, chondrite-normalized REE patterns show-
ing light REE enrichment relative to heavy REE, and negative Eu anomaly, the felsic source rock was inferred [8]. 
The geochemical discrimination and trivariate plots showed that the Cretaceous and Tertiary kaolins have been 
deposited in passive margin tectonic settings [9,10,11].
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Ionic liquids intercalation into the galleries of clay materials have attracted a great interest due to their ability to 
provide hydrophobic properties to modified clay materials [1]. Therefore, newly obtained composites can be used 
as sorbents of emerging micro-pollutants such as pharmaceutically active compounds. The presence of pharma-
ceutical products at significant concentrations in numerous water compartments is an important environmental 
issue [2]. 

The research aims to prepare organically modified clays using various ionic liquids and evaluate the removal effi-
ciency of pharmaceutically active compounds from aqueous solutions. 

In this study, synthesized different chain length ionic liquids namely, 1,3-dimethylimidazolium dimethylphos-
phate, 1-tetradecyl-3-dimethylimidazolium dimethylphosphate, 1,2,3-trimethylimidazolium dimethylphosphate, 
1-tetradecyl l-3-methylimidazolium chloride, 1-dodecyl-3-methylimidazolium chloride and 1-octyl-3-methylim-
idazolium chloride were intercalated in the galleries of synthetic bentonite and natural smectite dominated clays. 

To verify the intercalation of ionic liquid cations, X-ray diffraction (XRD), thermogravimetric analysis (TGA) and 
Fourier transform infrared spectroscopy (FTIR) were used. The modification experiments were investigated under 
various environmental conditions - e.g., pH, sorbent dosage, contact time and temperature. Further the sorption 
capacity of obtained sorbents in respect to model pharmaceutical substances were studied. 

Obtained results offer a new approach and potential applications of ionic liquid modified clays, especially for 
water treatment. 

Acknowledgements: this study was supported by Latvia National Research program “Res Prod”, project No. 2014.10-4/VPP-6/6 and Geo IT Ltd.
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Layered material-carbon nanocomposites are very promising for ‘green’ applications in the energy storage or 
chemical (gas) sensing. One of the very interesting nanocomposites could be the clay-graphene system [1], with 
the graphene working as an electrode. Fabrication of ordered clay structures on graphene can be done using the 
self-assembly of clay particles. To increase the efficiency of the fabrication process targeting the defined design 
of clay structures on graphene, wrinkled graphene can be used rather than standard flat graphene transferred over 
the flat substrate. 

We are showing two types of wrinkled graphene structures: homogeneously wrinkled graphene [2,3] and graphene 
with large arrays of parallel equidistantly separated long wrinkles [4]. Both types of graphene wrinkle networks 
were made using the pre-patterned substrates; the Si/SiO2 (300 nm) substrate decorated with the superparamagnet-
ic nanoparticles [2,3], and hexagonal array of the SiO2 nanopillars [4]. 

The wrinkle hierarchy can be well controlled for both sample types. Area covered by wrinkles on the nanoparti-
cle-supported graphene increases linearly with the nanoparticle density, forming typical wrinkle shapes with the 
wrinkles propagating in all directions [2,3]. On the contrary, the networks of parallel equidistantly separated long 
wrinkles (Fig. 1) found on the nanopillars-supported graphene are formed on the line defects in graphene (grain 
boundaries). If no line defect is present, the wrinkles on nanopillar-supported graphene form networks qualitative-
ly comparable with the wrinkles on nanoparticle-supported graphene [4].

Both wrinkle network types are promising candidates for the smart substrates allowing formation of the clay 
structures with predictable and defined geometry, such as the well-separated clay islands or long parallel lamellas.

Fig.1. Formation of the aligned wrinkle networks induced by the graphene line interfaces (marked with green arrows); a) AFM topography and 
b) phase images. As seen, the graphene line interface is barely observable in the AFM topography (a) and the position of the interface cannot be 
determined from the cross-sections of the topography. (c, d) HRSEM images of the nanopillar arrays. (e, f) 3D AFM topography visualization 
of the wrinkled graphene on the top of the nanopillar arrays.
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People that suffer with diabetes have a high risk of developing diabetic foot ulcers, a type of chronic wound 
associated with hyperglycaemia. Biological agents, including vascular endothelial growth factor (VEGF), have 
been investigated as agents that improve wound healing [1], yet delivery in an active economical form remains a 
significant clinical challenge [2]. The affinity of clays for biological molecules is well established [3]. We tested 
the hypothesis that gels formed from Laponite, a synthetic smectite clay biomaterial, can retain VEGF in an active 
form, both in an in vitro and an in vivo model. 

In vitro model: 3% Laponite hydrogels containing fibronectin was premixed with (0.04-5.00 µg/ml) and without 
rhVEGF165 (incorporated and control) and used to coat the surfaces of a 48-well plate. Plain growth medium was 
added to all Laponite-VEGF surfaces and to half of the control surfaces (negative control); all remaining control 
surfaces were treated with growth medium mixed with rhVEGF165 (0.04 µg/ml) (positive control). Human umbili-
cal vein endothelial cells (HUVECs) were seeded at 2.5 x 104 cells/well on all Laponite surfaces. After incubating 
at 37 °C for 18 hours, tubule networks were quantified by image analysis. In vivo model: rhVEGF165 was pre-mixed 
within 3% Laponite gels and subcutaneously injected on the dorsum of healthy mice at three different doses (0.1, 
1.0 and 4.0 µg total VEGF). A control hydrogel biomaterial (1.1% alginate) was also tested using the same doses. 
Contralateral vehicle controls containing no VEGF were always tested for both Laponite and alginate groups. 
Laponite/alginate biomaterials were recovered after 21 days and the degree of blood vessel formation determined 
by macroscopic image analysis. 

VEGF-mediated stimulation of HUVEC tubules was successfully established and identified on Laponite hydro-
gel surfaces. It was shown that HUVEC tubule formation was significantly increased when cultured on Laponite 
hydrogels containing 1.00-5.00 μg/ml VEGF (p = <0.01 to <0.0001). In the in vivo murine model, Laponite and 
alginate hydrogels were both retained subcutaneously after 21 days; there was evidence of dose-dependent vessel 
ingrowth of Laponite biomaterial when compared to the vehicle control group. In contrast, there was no evidence 
of any blood vessel ingrowth within alginate gels at any VEGF dose. 

We have shown the potential for Laponite hydrogels in retaining biologically active VEGF to promote angiogen-
esis in vitro and when applied in vivo. The use of these clays could have significant clinical potential to localise 
proangiogenic VEGF to chronic wounds and improve the rate of recovery. This would require further study using 
a wound healing model in healthy and diabetic mice. 

[1] Falanga, V. (2005). Wound healing and its impairment in the diabetic foot. Lancet 366, 1736-43.
[2] Galiano, R.D. et al., (2004). Topical vascular endothelial growth factor accelerates diabetic wound healing through increased angiogenesis 

and by mobilizing and recruiting bone marrow-derived cells. Am. J. Pathol. 164(6), 1935-47. 
[3] Dawson J.I., Oreffo R.O. (2013). Clay: new opportunities for tissue regeneration and biomaterial design. Adv Mater. 25(30), 4069-86.
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Various IR spectroscopy techniques have found application in the investigation of clay minerals modified with 
organoclays. In this study the IR spectroscopy in both, middle (MIR) and near (NIR) region was used to investigate 
thermal behaviour of organic cations loaded to montmorillonite and the influence of organic cation type and its 
loading amount on the changes in the spectra were evaluated. 

The organoclays were prepared from Na-montmorillonite SAz-1 (Na-S) and tetrabutylphosphonium (Bu4P-) and 
ammonium (Bu4N-) salts. Thereafter the samples were exposed to treatment in 6 M HCl for 12 h to investigate 
their chemical stability. The reflectance methods, i.e. ATR in the MIR (4000 - 400 cm-1) and DRIFT in the NIR 
(8000 - 4000 cm-1) regions, were used to analyse the changes in the spectra of solid samples. Upon cation loading, 
the C-H vibrational modes of methyl and methylene groups appeared in the spectra: stretching νC-H between 
2970-2860 cm-1 and bending δC-H within 1480-1380 cm-1. Spectra of Bu4P-S and Bu4N-S differed in the shape 
and position of C-H bands. In accordance with carbon elemental analysis showing lower content of carbon in the 
samples after 12 h acid treatment, the reduced intensities of the ν and δ C-H bands also confirmed the leaching of 
organic cations. Complementary information to MIR region provided NIR spectra. Besides the first overtones 2ν 
and combination (ν+δ) bands of the structural OH groups (around 7100 cm-1 and 4515 cm-1) and water (near 6800 
and 5250 cm-1), the 2νC-H and (ν+δ)C-H bands were present in the spectra. Heating of the samples in a chamber 
designed for in-situ measurement evoked gradual decrease in the intensity of the (ν+δ)H2O band and it was not ob-
servable anymore in the spectra taken at 170 °C. Higher temperatures affected also the C-H bands for both samples 
and due to the organic cations release the 2νC-H and (ν+δ)C-H bands dropped in the intensities. This change was 
detected at higher temperature for Bu4P-S (above 500 °C) than for Bu4N-S (above 380 °C) confirming higher ther-
mal resistance of phosphonium modified sample. The spectra of acid treated samples showed also the first overtone 
of the Si-OH units confirming degradation of the montmorillonite structure. The intensity of this band increased 
significantly with increasing temperature and remained present in the structure even after heating at 500 °C.

Infrared module coupled to the thermal analyser was applied to follow the vapour phase release from the organo-
clay samples. The TG/DTG profiles of both samples showed pronounced mass loss due to the decomposition of 
organic cations within temperature 200-800 °C. While Bu4P-S showed onset temperature near 300 °C, significantly 
lower temperature, around 200 °C, was found for Bu4N-S. Upon organic phase evolution the absorption bands re-
lated to the C-H vibrations of gaseous products (aliphatic hydrocarbons) appeared in the transmission MIR spectra. 
The intensities of the absorption bands reached maxima at 460 °C and 277 °C and for Bu4P-S and Bu4N-S, respec-
tively. The mass loss attributed to the organic cation decomposition for the acid-treated samples dropped down 
below 50% of its initial value due to the leaching of organic phase. Moreover, the onset temperature of organic 
phase release was shifted to higher temperature indicating that only more strongly held cations withstand the harsh 
condition of acid treatment and remained attached to the partially perturbed layered structure. The comparison of 
the changes in the spectra acquired using various infrared methods the higher thermal stability of alkyl-phospho-
nium over alkyl-ammonium cations was confirmed.
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This preliminary study reports a simple process for the production of geopolymer porous spheres through an injec-
tion and solidification method using liquid nitrogen.

Metakaolin-based geopolymer slurries were prepared in advance, using a potassium-based disilicate as alkaline 
activating solution, and left at room temperature for several hours (maturation step) in order to trigger the geopol-
ymerization without reaching a complete chemical consolidation. 

The mixture was injected as it is or mixed with water or an organic template in order to modulate the porosity 
developed in the final spheres.

Indeed, the production process of geopolymers in aqueous medium allows the tailoring of the porosity by tuning 
the water content in the starting mixture, which affects the intrinsic mesoporosity of the geopolymer matrix, being 
water a pore former during the polycondensation stage [1,2]. The porosity of the spheres can be further tailored 
adding organic polymers in the mixture that act as templates of the material skeleton. 

The spheres, formed after the injection, were then freeze dried in a lyophilizer to remove the solidified water and 
complete the chemical consolidation of the geopolymer. The polymeric template can be later removed by thermal 
treatment.

The goal of this study was to synthetize geopolymer spheres with hierarchical porous structures differing in term 
of intrinsic mesoporosity and architecture, which means distribution of voids/material within the sphere. 

The developed materials find potential applications in fields as catalysis, filtration, adsorption, etc.

Geopolymer slurries composition and maturation steps were deeply investigated in order to optimize the con-
solidation process and to design the porosity in the final spheres. For the same reason, the timing of the organic 
template addition to the geopolymer mixture was also studied. 

The selected geopolymer spheres were characterized in term of size, morphology, macro- and microstructure, 
composition-stoichiometry, porosity distribution and specific surface area.

[1] Landi E., Medri V., Papa E., Dedecek, Klein P., Benito P., Vaccari A. (2013). Alkali-bonded ceramics with hierarchical tailored porosity. 
Applied Clay Science 73, 56-64. 

[2] Frizon F., Joussot Dubien C. (2010). Patent publication no. US2010 0222204 A1.
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Palygorskite fibres and halloysite nanotubes were used for the reduction of iron cations (Fe+2) in aqueous solutions 
under various experimental conditions. Palygorskite sample was taken from Ventzia basin deposit in Grevena 
(Western Macedonia, Greece), and halloysite from the Dragon mine (Utah, USA). Both clay minerals were charac-
terized using XRD, FTIR, SEM and CEC and then were saturated by cations by exchanging NaCl and CaCl2 (1M). 
The Na-treated samples Na-Palygorskite (Na-Pal) and Na-Halloysite (Na-Hal) as well as the Ca-treated samples 
Ca-Palygorskite (Ca-Pal) and Ca-Halloysite (Ca-Hal) show enhanced CEC. Depending on the mass/volume ratio 
of the initial concentration of the cations and aqueous solution, pH, temperature, and contact time, the iron adsorp-
tion efficiency was different. It was shown that the Ca-treated clay minerals were more effective than the Na-treat-
ed materials, and especially palygorskite for high ratios (0,4g/20ml, 0,4g/50ml) and for initial concentrations of 
the cations 1 mg/L and 5 mg/L (99,8% adsorption efficiency). However, Ca-Hal seems to be a better choice for 
neutral or basic pH 7-9, instead of Ca-Pal which is a better adsorbent at acid pH 4-6, and at higher temperatures 
(>45 oC) too. Moreover, both clay minerals present similarities to their effectiveness on contact time with cations, 
and can be characterised as efficient low cost adsorbents. Comparing the two clay minerals tested palygorskite is 
more effective than halloysite as it was expected due to its higher CEC. 
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Industrial wastewaters often contain different class of pollutants, such as dyes and metals. The simultaneous pres-
ence of both type of pollutants, makes it difficult to dispose of them properly and efficiently. 

The main objective of this work was to use montmorillonite, Mt, readily and inexpensively available in most 
places, for the simultaneous adsorption (and removal) of two type of pollutants. The attention was focusedon two 
“models” pollutants: CeIII and crystal violet. The choice was based on their widespread presence in industrial 
wastewaters of various origin and their effects on human (and animal and plant) health. Moreover, after separa-
tionfrom the industrial wastewater, the contaminantscan be individually recycled in industrial production without 
or a simple treatment.

Adsorption isotherms of the two pollutants onto Mt clay were first gathered separately under different pH conditions. 
It was observed that the affinity of the two contaminants toward the clay is strongly affected by the solution pH.

The obtained information was employed to propose two efficient protocols for the removal and separation of the 
two contaminants from an aqueous solution mimicking an industrial wastewater.
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The Gongsanseong is the fortress wall which located in Gongju City, Republic of Korea. The Gongsanseong For-
tress that protected Gongju, the capital of Baekje Kingdom for 64 years from AD 475 ~ 538, was a representative 
cultural remain of Ungjin Baekje Period. A variety material like rock and soil was used to construct the ramparts. 
Emergency excavation was conducted while part of rampart on the Gongsanseong was collapsed in September 
14, 2013. As a result of excavation, Panchuk part was found at the bottom of rampart that attracted much attention 
from academic circle (J. H. Park et al., 2016). This study analyzed material features of soil used in panchuk part, 
construction methods of rampart and causes of collapsibility.

By selecting experimental soil sample per layer of Panchuk area and controlled soil sample in surrounding rampart, 
quantitative color and magnetic susceptibility analysis was performed. These samples were categorized brown or 
white layer that showed slightly different magnetic susceptibility. As a result of precision observation based on 
microscope, brown layer is an output of weathering of gneiss and white layer was an output of weathering of felsic 
igneous rock. To figure out soil distribution and soil property between layers, particle analysis was performed. In 
result, particles over 1mm grain size had the largest rate. Also, as a result of checking effective grain size, uniform-
ity factor and coefficient of curvature, most soil samples showed heterogeneous characteristics except only one 
layer. Therefore, most Panchuk part seemed to be built layers by adding gravel with uneven quantity.

At X-ray diffraction analysis, quartz, plagioclase and alkali feldspar were observed as major mineral composition. 
Also, most layers had montmorillonite on reduction conditions in the cause of poor drain and index horizon of the 
bottom had vermiculite on oxidation condition. As a result of chemical analysis, the soil sample showed similar 
SiO2 and Al2O3 composition regardless of per layer. The difference in color is closely related to the Fe2O3 content. 
The same color layer represents similar geochemical behaviour characteristics. As a result of analysing the gneiss 
and felsic igneous rock exposed near the rampart, the brown layer was similar to gneiss, and the white layer was 
similar to felsic igneous rock. So, the used soil for construction is estimated to have been supplied near the rampart. 

To estimate the construction process through analysis results, Panchuk part which settled in exposed body rock as 
‘L’ shape directly had constructed using soils weathered by gneiss or felsic granite alternately. It seems that these 
soils did not go through sieving process and some gravels were added for construction. After construction, the 
rampart of Gongsanseong has physical and chemical damaged. To analysis clay mineral composition of soils from 
rampart, rainfall caused lubrication between inside rampart and bottom stone. In this process, soils inside rampart 
were swept away and biased load became excessive, so structural modification was occurred. Therefore, the Gong-
sanseong rampart was collapsed because lubricated side way appeared between stones and foundation part that 
cause sliding. Based on these resources, the cause of collapse and mechanism of rampart could be analyzed quan-
titatively that may be used as important materials for conservation and management system of the Gongsanseong.

[1] J.H. Park, K.K. Yang, C.U. Park, Y.H. Jo and C.H. Lee. (2016). Conservation Status and Behaviour Monitoring System of Gongsanseong 
Fortress Wall in Gongju, Korea. Proceedings of the 13th International Congress on the Deterioration and Conservation of Stone, 445-450.
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A NEW LOOK AT BIO-KAOLINITE FORMATION AT ROOM 
TEMPERATURE
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Interactions between microorganisms and minerals in low energy systems have a long history, as they are inces-
santly occurring for at least 3 billion years [1]. Minerals of different origin, chemistry, structure and chemical reac-
tivity are continuously interacting with an undefined number of microorganisms displaying a host of phenotypic, 
genotypic, biochemical and surface properties.

The biogenic clay formation is a matter of great interest from both geological and pedologic standpoints and three 
main hypotheses were formulated to explain the clay formation at low temperature: a) the process is completely 
driven by abiotic mechanisms (e.g., [2]); b) the process is a phenomenon under both microbial and inorganic con-
trol [3]; c) the process is mainly biologically driven [4].

Kaolinite, a very common clay mineral, plays a relevant role in both soil ecosystem and in the industrial sector. 
Even though the kaolinite formation in high energy environments is a well-known phenomenon [5], its crystalli-
zation at room temperature was obtained only by Linares and Huertas [6] and Fiore et al. [4]. Linares and Huertas 
focused their work on the abiotic synthesis of kaolinite thanks to humic acids as complexing agents able to get 
Al in octahedral coordination. Fiore et al. speculated on the microbially induced precipitation of this mineral and 
documented the formation of few crystals of kaolinite in Si-Al gels precipitated from solution and microflora 
extracted from a peat soil. An axenic solution, containing the same concentrations of Al and Si, failed to produce 
the same result.

Extending the incubation over 5 years produced some crystals of low crystallinity kaolinite and highly miner-
alized bacterial cells. The use of complexing agents, as oxalic acid, alpha-ketoglutaric acid, EDTA and humic 
acids failed to precipitate kaolinite in axenic solutions containing silicium (as Na2SiO3•5H2O) and aluminium 
(Al(NO3)3•9H2O).

In the present work we report an experiment aimed at obtaining kaolinite from Al and Si solution in presence of 
fungi. Solutions containing Si, Al and a selected fungal species produced single crystals and packets of kaolinite 
from few nm up to 2 microns.

This surprising result casts a new light on the process of kaolinite formation in low energy environments. Maybe 
the role of bacteria has been overestimated compared to the fungal action.

[1] Lower S.K., Tadanier C.J., Hochella M.F. (2001). Dynamics of the mineral-microbe interface: use of biological force microscopy in 
biogeochemistry and geomicrobiology. Geomicrobiology Journal 18, 63-76.

[2] Waroszewski J., Egli M., Kabala C., Kierczak J., Brandova D. (2015). Mass fluxes and clay mineral formation in soils developed on slope 
deposits of the Kowarski Grzbiet (Karkonosze Mountains, Czech Republic/Poland). Geoderma 64, 363-378.

[3] Cuadros J., Afsin B., Jadubansa P., Ardakani M., Ascaso C., Wierzchos J. (2013). Microbial and inorganic control on the composition of 
clay from volcanic glass alteration experiments. American Mineralogist 98, 319-334.

[4] Fiore S., Dumontet S., Huertas F.J., Pasquale V. (2011). Bacteria-induced crystallization of kaolinite. Applied Clay Science, 53, 566-571.
[5] Huertas, F.J., Fiore S., Huertas F., Linares J. (1999). Experimental study of the hydrothermal formation of kaolinite. Chemical Geology, 

171-190.
[6] Linares J., Huertas F. (1971). Kaolinite: synthesis at room temperature. Science, 896-897.
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A PROPOSAL FOR BAUXITE QUALITY CONTROL USING THE 
COMBINED RIETVELD - LE BAIL - INTERNAL STANDARD XRPD 
METHOD WITH AN HKL MODEL DEVELOPED FOR KAOLINITE
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In the bauxite industry - exploration, beneficiation and refinery - two main chemical parameters are used for the 
quality control: available alumina (AvAl2O3) and reactive silica (RxSiO2). Both are determined using a procedure 
that simulates the Bayer process at the lab scale [1]. For gibbsitic bauxites, subject of this study, the available alu-
mina is associated with gibbsite, and the reactive silica is associated with kaolinite. For this reason, they are also 
referred to as gibbsitic alumina and kaolinitic silica. High-grade bauxites contain >41 wt.% AvAl2O3 and <5 wt.% 
RxSiO2, while low-grade bauxites contain <41 wt.% AvAl2O3 and 5-20 wt.% RxSiO2. Gibbsitic bauxites are most 
valuable in terms of operational cost; the refining process of these bauxites consumes less energy because gibbsite 
digestion occurs at low temperatures (130-160 ºC). However, significant quantities of kaolinite increase the opera-
tional costs because under the conventional conditions of the Bayer process, kaolinite reacts with NaOH (leaching 
agent) to form a sodalite-type desilication product, which results in irreversible NaOH losses [2-4]. In Northern 
Brazil (Pará State) are located the three largest bauxite mines in the country (>90% of Brazilian production) and 
the largest metallurgical alumina refinery in the world (Hydro Alunorte). The loss of caustic soda due to sodalite 
formation in the Hydro Alunorte refinery has been reported to be much higher than the estimated value based on 
the amount of reactive silica that has been measured by quality control. It happens mainly in the bauxites from 
Paragominas (region of Miltônia, Pará State), which typically exhibit high reactive silica contents prior to wash-
ing. However, the estimated experimental errors are almost always within the deviations expected by the certified 
values, which has prevented obtaining a clear answer to this problem. A great innovation for this industry would 
be to make this control by mineralogical parameters, i.e., the % of gibbsite and % of kaolinite via X-ray Powder 
Diffraction Analysis (XRPD). Even with the fast increase in the last years of studies related to mineralogical phase 
quantification using XRPD analysis, there are still some challenges related to bauxite quantification. For instance, 
the lack of crystal structure information related to kaolinite, which has been underestimated when trying to apply 
the Rietveld method with available Crystallographic Information File (CFI). In this work, a combination of the 
Rietveld, Le Bail and Internal standard methods was tested, and the results were very promising for a Brazilian 
gibbsitic bauxite. This combination not only improved the quality of gibbsite and kaolinite quantification, as de-
creased computer processing time, making it a more convenient and fast procedure, requirements for an industrial 
control method.

[1] Ostap S. (1986). Control of silica in the bayer process used for alumina production. Canadian Metallurgical Quarterly, p. 101-106.
[2] Barnes M., Addai-Mensah J., Gerson A. (1999). The kinetics of desilication of synthetic spent Bayer liquor and sodalite crystal growth. 

Colloids and Surfaces A: Physicochemical and Engineering Aspects, p. 283-295.
[3] Croker D., Loan M., Hodnett B. (2008). Desilication Reactions at Digestion Conditions: An in Situ X-ray Diffraction Study. Crystal 

Growth & Design, p. 4499-4505. 
[4] Smith P. (2009). The processing of high silica bauxites - Review of existing and potential processes. Hydrometallurgy, p. 162-176.



Scientific Research Abstracts
Vol. 7, p. 612, 2017
ISSN 2464-9147 (Online)
XVI International Clay Conference | ICC 2017 | Granada, Spain
© Author(s) 2017. CC Attribution 3.0 License

SURVIVAL AND ACTIVITY OF SULPHIDE-PRODUCING BACTERIA 
IN COMPACTED CLAYS IN LABORATORY AND FULL SCALE 
EXPERIMENTS

karsten pedersen, andreas benGtsson, anders blom, trevor taboroWski

Micans AB, Mölnlycke, Sweden

Bentonites rich in swelling montmorillonite clay are used to construct engineered barriers in geological reposito-
ries for low- intermediate- and high-level radioactive wastes. While there are several low- and intermediate-level 
repositories in operation around the world, high-level repositories are still in planning or under construction. Vari-
ous types of metal containers, made of iron or copper, are, or will be used to encapsulate the wastes, often together 
with concrete or bitumen. Sulphide is in general very corrosive to these metals and safety cases for radioactive 
waste disposal must, therefore, evaluate the risks involved with sulphide corrosion. The main source of sulphide 
in geological repository environments is past and present bacterial reduction of sulphate, sulphur and thiosulphate 
to sulphide. Sulphide-producing bacteria (SPB) have been found in most commercially available bentonites [5,6].

Bacterial sulphide-producing activity in compacted clays was recently investigated as a function of clay type, satu-
rated wet density and geomechanical stress [1,2]. The modelling of sulphide transport in the clays as a non-reactive 
anion showed a discrepancy between observed corrosion of copper and the amounts of reduced sulphate. It ap-
peared as if sulphide was immobilised by the clays. Therefore, experiments were preformed to study the reactivity 
of sulphide with bentonite clays. Sulphide was found to reduce ferric iron in montmorillonite type bentonites under 
the formation of elemental sulphur, ferrous iron and iron sulphide. The immobilisation capacity of the clays was 40 
µmole sulphide (g clay)−1 or more, depending on the load of sulphide and type of clay. This immobilisation effect 
can reduce the mass of sulphide that reacts with metal canisters over repository life times, but the concomitant 
reduction of ferric iron may be problematic due to the destabilizing effect of ferrous iron on dioctahedral smectites 
such as montmorillonites [3].

Various bentonite clays have small but significant amounts of natural and introduced (during mining) organic 
matter (OM) than may be utilized by SPB. Such OM may also decrease or increase the mobility of radionuclides. 
There is a need in the long-term safety case for geological disposal of radioactive wastes to explore if OM in 
bentonites can promote activity of SPB and influence radionuclide migration [4]. A new high-resolution analysis 
method for OM speciation in bentonite clays was, therefore developed. All investigated clays had a high diversity 
of OM and each clay had an uniqe speciation signature of the OM. Laboratory experiments indicated that SPB can 
utilise some of these organic compounds.

Sulphide-producing activity and survival of SPB generally decrease with increasing geomechanical stress and 
density of compacted clays. The understanding of the influencing features behind this decrease is still obscure. 
The wet density of compacted, water saturated clays relates to swelling pressure, water activity and pore space. 
Further, bentonite clays vary in content and diversity of inherent bacteria and OM. There can be irregularities in 
the micrometre scale of bacterial life in the compacted clays that allow local, heterogeneous growth. Bacteria may 
propagate as colonies at such positions in the engineered barriers. These features will be discussed. The full under-
standing of how bacterial sulphide-producing activity can be mitigated may assist the selection of safe clay types 
and procedures to construct safe engineered barriers.

[1] Bengtsson A, Pedersen K (2016). Microbial sulphate-reducing activity over load pressure and density in water saturated Boom Clay. 
Applied Clay Science 132-133, 542-551.

[2] Bengtsson A, Pedersen K (2017). Microbial sulphide-producing activity in water saturated Wyoming MX-80, Asha and Calcigel benton-
ites at wet densities from 1500 to 2000 kg m−3. Applied Clay Science 137, 203-212.

[3] Lantenois B, Lanson B, Muller F, Bauer A, Jullien M, Plançon A. (2005). Experimental study of smectite interaction with metal Fe at low 
temperature: 1. Smectite destabilization. Clays Clay Miner 53, 597-612.

[4] Marshall MHMS, M J. (2014). State of science review: Natural organic matter in clays and groundwater. NWMO TR 2014-05. Nuclear 
Waste Management Organization, Toronto, Canada.

[5] Masurat P, Eriksson S, Pedersen K (2010). Evidence of indigenous sulphate-reducing bacteria in commercial Wyoming bentonite MX-80. 
Applied Clay Science 47, 51-57.

[6] Svensson D, Dueck A, Nilsson U, Olsson S, Sandén T, Lydmark S, Jägerwall S, Pedersen K, Hansen S (2011). Alternative buffer material. 
Status of the ongoing laboratory investigation of reference materials and test package 1. SKB Technical Report. Swedish Nuclear Fuel & 
Waste Management Co, Stockholm, Sweden, pp 1-146.
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CLIMATIC AND PALAEOCEANOGRAPHIC CHANGES DURING 
THE PLIENSBACHIAN (EARLY JURASSIC) INFERRED FROM CLAY 
MINERALOGY AND STABLE ISOTOPE (C-O) GEOCHEMISTRY (NW 
EUROPE) 
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The Early Jurassic was broadly a greenhouse climate period that was punctuated by short warm and cold climatic 
events, positive and negative excursions of carbon isotopes, and episodes of enhanced organic matter burial. Clay 
minerals from Pliensbachian sediments recovered from two boreholes in the Paris Basin, are used here as proxies 
of detrital supplies, runoff conditions, and palaeoceanographic changes. The combined use of these minerals with 
stable isotope data (C-O) from bulk carbonates and organic matter allows palaeoclimatic reconstructions to be 
refined for the Pliensbachian. Kaolinite/illite ratio is discussed as a reliable proxy of the hydrological cycle and 
runoff from landmasses. 

Three periods of enhanced runoff are recognised within the Pliensbachian: (1) at the Sinemurian-Pliensbachian 
transition with a significant increase of kaolinite concomitant with the negative carbon isotope excursion at the 
Sinemurian Pliensbachian Boundary Event (SPBE); (2) the Early/Late Pliensbachian transition associated with 
more humid conditions and a major change in oceanic circulation during the Davoei Zone, likely triggered by 
sea-level rise [2]; the newly created palaeogeography, notably the flooding of the London-Brabant Massif, allowed 
boreal detrital supplies, including kaolinite and chlorite, to be exported to the Paris Basin; and (3) an enhanced 
runoff episode occurred during the late Pliensbachian (Subdonosus Subzone of the Margaritatus Zone), associated 
to warm conditions, favouring organic matter production and preservation. 

Our study highlights the major role of the London Brabant Massif in influencing oceanic circulation of the NW 
European area, as a topographic barrier (emerged lands) during periods of lowstand sea-level and its flooding dur-
ing period of high sea-level. This massif was the unique source of smectite in the Paris Basin [1]. Two episodes of 
smectite-rich sedimentation coincide with regressive intervals, indicating emersion of the London Brabant Massif 
and thus suggesting that an amplitude of sea-level change high enough to be linked to glacio-eustasy. This mech-
anism is consistent with sedimentological and geochemical evidences of continental ice growth notably during 
the Latest Pliensbachian (Spinatum Zone), and possibly during the Early Pliensbachian (late Jamesoni/early Ibex 
Zones).

[1] Bougeault C., Pellenard P., Deconinck J.-F., Hesselbo S.P., Dommergues J.L., Bruneau L., Cocquerez T., Laffont R., Huret E., Thibault 
N. (2017). Climatic and palaeoceanographic changes during the Pliensbachian (Early Jurassic) inferred from clay mineralogy and stable 
isotope (C-O) geochemistry (NW Europe). Global and Planetary Change 149, 139-152.

[2] Dera G., Pucéat E., Pellenard P., Neige P., Delsate D., Joachimski M.M., Reisberg L., Martinez M. (2009). Water mass exchange and 
variations in seawater temperature in the NW Tethys during the Early Jurassic: Evidence from neodymium and oxygen isotopes of fish 
teeth and belemnites. Earth and Planetary Science Letters 286, 198-207.
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STRATEGIES FOR IMPROVED DETECTION AND QUANTIFICATION OF 
TIO2 POLYMORPHS IN CLAY MATERIALS BY X-RAY DIFFRACTION
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The minerals anatase (CAS no 1317-70-0), rutile (CAS no 1317-80-2) and brookite (CAS no 12188-41-9), com-
mon polymorphs of TiO2, are not uncommon minor/trace components of many clay materials such as bentonites 
and kaolins. Following the proposal by the French Agency for Food, Environmental and Occupational Health & 
Safety (ANSES) on behalf of the French Member State Competent Authority (MSCA) to the European Chemicals 
Agency (ECHA) for titanium dioxide to be classified as a Category 1B carcinogen by inhalation [1], there has been 
increased interest in accurate quantification of anatase, rutile and brookite in industrial clay materials. All three 
minerals are relatively good diffractors with nominal reference intensity ratios (RIRs) of 3.8, 2.8 and 1.6 respec-
tively. With appropriate sample preparation and good counting statistics analysis by X-ray diffraction can obtain 
lower limits of detection that are routinely in the sub-percent range, with anatase being the most readily detectable 
mineral. In a practical sense, however, detection and quantification of these minerals in clay materials is often af-
fected by line overlap with other minerals. Several strategies designed to alter the main clay mineral components 
of such clay materials to improve detection and quantification of these minor minerals have been tested including 
selective dissolutions and dehydroxylation. The details of these procedures and their use in improving detection 
and quantification of the TiO2 polymorphs in clay materials will be presented.

[1] ANSES (on behalf of the French MSCA), (2016). CLH Report for Titanium Dioxide, Proposal for Harmonised Classification and Label-
ling, Based on Regulation (EC) No 1272/2008 (CLP Regulation), Annex VI, Part 2.
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Explorationists require rapid analytical results to make cost-effective decisions during drilling operations. Pro-
gress over the last few decades in field instrumentation has facilitated acquisition ofin situ, non-destructive, rapid, 
semi-quantitative to quantitative chemical analyses, provided that calibration, interferences and matrix effects are 
well considered. Handheld X-ray fluorescence spectroscopy (XRF)has become more precisein detecting elements 
of interest in exploration programs and Laser-Induced Breakdown Spectroscopy (LIBS) is now capable of being 
used in the field. However, forcertain deposit types, alteration mineralogy may be a stronger indicator of proximity 
to mineralization. This is especially important in volcanogenic massive sulfide (VMS), epithermal gold (high or 
low sulphidation), Iron Oxide-Copper-Gold (IOCG), sedimentary exhalative (SEDEX), Mississippi Valley-type 
(MVT) and unconformity uranium deposits. Changes in clay mineralogyprovide information on genetic and/or 
alteration history, and may reflect different source rocks, fluids, or depths of formation. In epithermal gold de-
posits, the high sulphidation processes give rise to alunite, a characteristic indicator mineral. In the uranium-rich 
Athabasca Basin (AB), Canada, clay mineral alteration can guide the location of more detailed geophysical sur-
veys, surface sampling and ultimately, drilling operations, as a project advances. Clay mineralogical changes from 
diagenetic dickite to hydrothermal illite are commonly observed associated with uranium deposits in the eastern 
part of the AB. In contrast, mineralogical changes are less extensive and more subtlein deposits in the western part 
of the AB and deposits hosted in basement rocks.

For rapid mineral identification, both portable X-ray diffractometry (XRD) and infrared (IR) spectrometry are 
effective techniques. However, XRD requires some sample preparation whereas IR does not, other than ensuring 
a dry surface. Today, handheldIR spectrometers are equipped with on-board spectral libraries which enable rapid 
qualitative analysis of major minerals, and this permitsthe facile recognition of key alteration minerals. Spectral 
libraries can be general or customized for specificmineral deposit environments. To create a library, careful col-
lection of spectra in a controlled environment on pure specimensof key alteration minerals is required. The spec-
trometer system is validated prior to use using a wavelength standard to ensure consistency across all reference 
samples. In this study, spectra were collected using a Spectralon® white reference puck as a relative reference and 
then were mathematically transformed to absolute reflectance format to account for the reflectance characteristics 
of the Spectralon® panel. The spectrum of each new example is then compared to other examples of this mineral 
ensuring that only the most representative spectra are added to the library. This comparison process requires many 
examples of each mineral to characterize that species. To this end, we participated in collecting spectra on a variety 
of standards using the “Kodama clay collection” (a suite of carefully analysed samplesdonated to the GSC follow-
ing Dr. H. Kodama’s retirement) that were incorporated into the National Mineral Collection [1]. The spectra col-
lected were evaluated using a variety of spectral plotting software and after validating each new example they were 
incorporated into the on-board library of the handheld ASD-HALOnear-infrared mineral identification instrument. 
Currently, collection of spectra is underway for rare earth element-bearing minerals, typical of carbonatite and 
alkali intrusive deposits, housed in the National Mineral Collection. This talk will examine the utility of alteration 
minerals in exploration programs and how field portable instruments can provide essential rapid, non-destructive, 
qualitative to quantitative information.

[1] Percival, J.B., Olejarz, A.D., English, M.L.R., Belley, P.M., Flynn, T., Laudadio, A.B. and Stirling, J.A.R. (2015). Spectral Library: The 
Kodama Clay Collection. Geological Survey of Canada Open File 7923, doi: 10.4095/297564.
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LIMESTONE FORMATION FROM CORES OF A WATER WELL IN THE 
SOUTHERN VIENNA BASIN (AUSTRIA)
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The Leitha Mountains are located 30 km southeast of Vienna. They separate the Vienna Basin from the Pannonian 
Basin. The Vienna Basin is a thin-skinned pull-apart basin on top of the Alpine-Carpathian fold-thrust belt (Decker 
& Peresson, 1996). The basement of the Leitha Mountains is formed by Lower East Alpine crystalline units and 
covered by Badenian and Sarmatian (Langhian and Serravallian) sediments, which embodied a shallow carbonate 
platform (Schmid et al., 2001). Fully marine deposition started at the beginning of Early Badenian. During the 
Middle Miocene the Leitha Mountains formed a topographic high with extensive carbonate production. The suc-
cession is well known for coralline algal limestones (Leitha Limestone), but also comprises a variety of different 
facies types, which are topic of intensive research work (Wiedl et al., 2012). A 40 m deep water well was drilled 
in the northern part of the Leitha Mountains in February 2016. The Geological Survey of Austria was in charge for 
lithological and mineralogical data sampling and interpretation. 

The well can be divided into 3 different stratigraphic and lithological zones with a transition from siliciclastic to 
carbonate depositional environment: 1) The cores from the first 8m comprise grayish to reddish sandy and gravel 
sediments. The sand fraction is characterized by a very high amount of shell fragments. The faunas were classi-
fied as Sarmatian siliciclastic sediments in a shallow marin environment. 2) Between 8 and 13 meters lithology is 
changing completely. There is a predominance of dark gray marls and clays with high rate of bioturbation. Diverse 
bentonic foraminifera and nannoplancton give evidence to a deep neritic to bathyal habitat of Upper Badenian age 
(NN6). 3) Until the final depth of 40.4 meters there is an intercalation of dark grey clay marls with Leitha limestone 
enriched in corallinacea and foraminifers. The faunal elements including nannoplancton data indicate Middle Bad-
enian age (NN5) in a shallow middle neritic depositional environment.

For representative grain size analysis, wet sieving and X-Ray sedigraph techniques have been applied. The bulk 
rock and clay mineralogy of 8 samples was determined by XRD. The sample from the Sarmatian section is com-
posed of 41% quartz, 6% phyllosilicates, 9% feldspar and 44% carbonate, mainly calcite. The bulk rock miner-
alogy of the underlying Upper Badenian samples show a dominance of phyllosilicates up to 57%, followed by 
quartz with a maximum of 30%, carbonate content varies between 10-30%. The samples of the Middle Badenian 
succession consist almost completely of carbonate (75-88% calcite). There is evidence of tectonic and climatic 
control in the clay mineral assemblages. Clay mineralogy of all samples is dominated by smectite and illite, there is 
significant difference in the amount of kaolinite, chlorite and vermiculite. The siliciclastic influence of the Sarma-
tian cores is demonstrated by the highest amount of vermiculite and chlorite and little amount of kaolinite. Upper 
Badenian samples show lesser amount of vermiculite, chlorite and kaolinite and the highest quantity of smectite, 
which correspond with a period of sea level highstand. High content of kaolinite (18-37%) and complete absence 
of chlorite was detected only in the Middle Badenian samples, which indicates strong tropical weathering condi-
tions and less tectonic influence in the source area. 

[1] Decker, K. & Peresson, H. (1996). Tertiary kinematics in the Alpine-Carpathian-Pannonian system: links between thrusting, transform 
faulting and crustal extension In: Wessely, G. &Lieb, W. (ed.): Oiland Gas in AlpidicThrustbeltsandBasinsof Central and Eastern Europe, 
EAPG Spec. Pub. 5, London.

[2] Wiedl, Th., Harzhauser, M. &Piller, W. E. (2012). Facies and synsedimentary tectonics on a Badenian carbonate platform in the southern 
Vienna Basin (Austria, Central Paratethys). Facies, Vol. 58/4, 523-548. 
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MULTIDISCIPLINARY STUDY OF THE LOW-GRADE METAMORPHISM 
IN THE PULO DO LOBO METASEDIMENTARY BELT (SW IBERIAN 
VARISCIDES): X-RAY DIFFRACTION, RSCM AND CHLORITE 
THERMOMETRY FROM COMPOSITIONAL MAPS

irene pérez-CáCeres (1), david martínez poyatos (1), olivier vidal (2), olivier beyssaC (3), 
fernando nieto (4), fernando simanCas (1), antonio azor (1)
(1) Departamento de Geodinámica, Facultad de Ciencias, Universidad de Granada, Campus de Fuentenueva s/n, 18071 
Granada, Spain, (2) Institut de Sciences de la Terre (ISTerre), CNRS-Université Grenoble Alpes, 1381 rue de la Piscine, 
38041 Grenoble, France., 3) Institut de Minéralogie et de Physique des Milieux Condensés (IMPMC), CNRS-Université 
Pierre et Marie Curie, Case Courrier 115, 4 place Jussieu, 75005 Paris, France, (4) Departamento de Mineralogía y 
Petrología, Facultad de Ciencias, Universidad de Granada, Campus de Fuentenueva s/n, 18071 Granada, Spain

The Pulo do Lobo belt (SW Iberian Variscides) is a low-grade metasedimentary unit considered as a subduction-re-
lated accretionary prism formed in relation to the suture contact between the Ossa-Morena and South Portuguese 
zones. The classical interpretation of this contact has been challenged with the dating of the metabasites of both 
Beja-Acebuches unit and those imbricated within the Pulo do Lobo metasediments. The early Carboniferous ages 
allow attributing these rocks to a thermal transtensional event of that age that interrupted the ongoing Variscan 
collision.

The metamorphic evolution of the polydeformed Pulo do Lobo rocks is poorly known, therefore we have applied 
three methodologies to eighteen samples of metapelites in order to provide with new data on this evolution. X-Ray 
diffraction (XRD) was used to characterize the mineralogy and to measure crystallographic parameters. Com-
positional maps derived from electron probe microanalysis and processed with Xmap Tools were used to obtain 
mineralogical maps and chlorite thermometric data through thermodynamic modeling. Raman spectrometry of 
carbonaceous matter (RSCM) was used to stablish peak temperatures. The results can be summarized as follows:

1. The obtained data, combined with microstructural analysis, allow the characterization of two low-grade met-
amorphic events (M1 and M2) related to the Devonian D1 and middle-upper Carboniferous D2 deformation 
phases in the Pulo do Lobo belt.

2. M1 corresponds to the epizone. The temperatures obtained by RSCM (≈400-500 °C) are higher than those 
obtained with the other methods, the discrepancy being interpreted in terms of the higher sensibility of the 
carbonaceous matter to quickly reequilibrate during a short-lived thermal event (e.g., during the early Carbon-
iferous transtensional event).

3. Relic high-temperature cores in the compositional maps of S1 chlorites, chlorite/smectite mixed layers, and 
the variable, though very-low, temperatures calculated with chlorite geothermometers, evidence clorite retro-
gression after M1 metamorphic climax.

4. M2 do not exceed the anchizone/epizone boundary (≈300-330 °C). The metamorphic gap between M1 and 
M2 corroborates the existence of an unconformity between the Devonian and Carboniferous successions of 
the Pulo do Lobo belt.

5. The very low celadonite content in white mica and low values of b-cell dimension indicate low-pressure con-
ditions, which are incompatible with the high-pressure gradient that would be expected in a subduction-related 
accretionary prism.



Scientific Research Abstracts
Vol. 7, p. 618, 2017
ISSN 2464-9147 (Online)
XVI International Clay Conference | ICC 2017 | Granada, Spain
© Author(s) 2017. CC Attribution 3.0 License

EXPERIMENTAL INVESTIGATION OF MINERAL CONTROL ON THE 
MICROBIAL MODE OF ATTACK ON MINERAL SURFACES FOR THE 
OBTENTION OF INORGANIC NUTRIENTS

araCeli perez-sanz (1)*, javier Cuadros (1), silvia pressel (2), anne junGblut (2)
(1) Department of Earth Sciences, Natural History Museum, Cromwell Road, London SW7 5BD UK, (2) Department of Life 
Sciences, Natural History Museum, Cromwell Road, London SW7 5BD UK

Microorganisms interact with mineral surfaces in different ways through microbially mediated formation and dis-
solution of minerals, the formation of mineral-organic associations through the deposition of microbial products, 
or the acquisition and utilization of organic material from the mineral-organic associations for microbial metabo-
lism [1]. The production of microbial substances, with the subsequent biofilm formation, is assumed to be the ma-
jor mechanism by which bacteria and fungus contribute to mineral alteration, and it is especially important when 
microorganisms grow in environments with limited nutrient concentrations [2]. Scanning Electron Microscopy 
(SEM) techniques can provide important information about the way in which extracellular polymers substances 
coat minerals and about the chemical changes taking place on the mineral surfaces. 

The objective of this work was to determine the changing strategies followed by microorganisms to obtain inor-
ganic nutrients from silicate minerals of different composition, some of them with nutrient deficiency. Batch exper-
iments were performed in petri dishes. Three phyllosilicates (kaolinite, vermiculite and biotite) and volcanic lava 
were incubated with a bacterium (Bacillus subtilis) and a fungus (Aspergillus niger). Organic nutrients were added 
but inorganic nutrients were only those in the mineral substrates. The experiments were maintained at 25 °C in 
the dark for four months. After the experiments, some replicates of the minerals were investigated coated with the 
microbial colonies in order to see the spatial relation between biofilm and minerals. These samples were washed 
with Millipore water, freeze-dried and analysed by SEM-EDX. In other replicates, the biofilms were removed to 
investigate the alteration footprint of the microorganisms on the mineral surfaces.

The attack of the two microorganisms on the several minerals was very different. The fungus was more aggressive 
than the bacterium. Vermiculite and biotite were mainly attacked at the edges of the chips (layer edges) where the 
fungus produced a severe loss of all cations except Si and the bacterium produced a variable depletion of Si, Mg 
and K. The fungus produced differential dissolution of the several minerals in the lava (glass, plagioclase, pyrox-
ene, amphibole). Kaolinite showed slight differences in the Si/Al ratios. These results indicate the large control of 
mineral composition and crystal structure on the mode and intensity of microbial attack.

[1] Kleber M., Eusterhues K., Keiluweit M., Mikutta K., Mikutta R., Nico S.M. (2015). Mineral-Organic Associations: Formation, Properties, 
and Relevance in Soil Environments. Advances in Agronomy, pages (130) Pages 1-140.

[2] Gadd G. (2007). Geomycology: biogeochemical transformations of rocks, minerals, metals and radionuclides by fungi, bioweathering and 
bioremediation . Mycological Research (111) pages 3 - 4 9.
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REVISITING THE NONTRONITE MÖSSBAUER SPECTRA USING A 
SERIES OF SYNTHETIC NONTRONITES

petit sabine (1)*, baron fabien (1), pentrak martin (2), stuCki josepH W. (2)
(1) Institut de Chimie des Milieux et Matériaux de Poitiers (IC2MP), UMR CNRS 7285 Université de Poitiers, Poitiers, 
France, (2) Department of Natural Resources and Environmental Sciences, University of Illinois at Urbana-Champaign, 
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*sabine.petit@univ-poitiers.fr

Mössbauer spectroscopy has often been used to determine the Fe(III)/Fe(II) ratio and the distribution of Fe(III) 
between the octahedral and the tetrahedral sheets of smectites and other clay minerals. The Mössbauer spectra are 
generally fitted with a sum of doublets, but the empirical attribution of each doublet has failed to yield a uniform 
interpretation of the spectra of natural reference Fe(III)-rich smectites, especially with regard to [4]Fe(III), because 
little consensus exists as to the [4]Fe(III) content of natural samples. The originality of this work was to use a series 
of synthetic nontronites. These synthetic nontronites were well characterized and have a wide range of [4]Fe(III) 
contents and a simple chemical composition following the [Si4-x [4]Fe(III)x] [6]Fe(III)2O10(OH)2Nax structural for-
mula with x ranging from 0.43 to 1.3 (Baron et al., 2016). 

Mössbauer spectra were obtained at 298, 77, and 4 K. The deconvolution of Mössbauer spectra of synthetic sam-
ples was done by fixing the area of doublets for each cationic environment calculated from a structural model. 
This fundamental step allowed a more proper interpretation of the Mössbauer spectra and a complete and coherent 
representation of the distribution of Fe(III) between the octahedral and tetrahedral crystallographic sites of the 
nontronite structure.

Although the use of a simple model from the sum of Lorentzian line-shape has been considered to be less theo-
retically correct than a Voigt-based model (Rancourt 1994), the self-consistent results obtained with the synthetic 
nontronites provided evidence of the important role of the local environment around a [6]Fe(III) cation as well as 
the role of crystallinity (i.e., the long distance lattice defects) in determining the Mössbauer parameter values, par-
ticularly the value for Δ. As previously mentioned by Rancourt (1994), the deconvolution of Mössbauer spectra did 
not tend to a unique solution. However, in the present paper, the use of six synthetic nontronite samples in which 
Mössbauer parameters at both 77 K and 298 K tended toward similar and coherent δ and Δ values thus giving 
confidence in the methodology. This approach was then applied to spectra of natural Fe(III)-rich smectites. Results 
revealed the necessity of taking into account the distribution of tetrahedral cations ([4]R(III)) around [6]Fe(III) 
cations in order to deconvolute the Mössbauer spectra, and also highlighted the influence of sample crystallinity 
on Mössbauer parameters. These results are to be published by Baron et al. (2017).

[1] Baron F., Petit S., Tertre E., Decarreau A. (2016). Influence of aqueous Si and Fe speciation on tetrahedral Fe(III) substitutions in nontron-
ites: a clay synthesis approach. Clays and Clay Minerals, 64, 230.

[2] Baron F., Petit S., Pentrák M., Decarreau A., Stucki J.W. (2017). Revisiting the Nontronite Mössbauer Spectra. American Mineralogist. 
under review.

[3] Rancourt D.G. (1994). Mössbauer spectroscopy of minerals: I. Inadequacy of Lorentzian-line doublets in fitting spectra arising from 
quadrupole splitting distributions. Physics and Chemistry of Minerals, 21, 244-249.
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HEAVY METALS CATIONS REMOVAL BY MECHANOCHEMICALLY 
ACTIVATED SAPONITE
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(1) Institute of Inorganic Chemistry, Slovak Academy of Sciences, Dúbravská cesta 9, SK-845 36 Bratislava, Slovakia, (2) 
Department of Inorganic Chemistry, Faculty of Natural Sciences, Comenius University in Bratislava, Ilkovičova 6, SK-841 
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The use of smectites for heavy metal cations removal has been extensively studied for years. The inconvenience 
of their application is the possibility to outflow adsorbed metal cations. Mechanochemical activation is a way to 
change the physical properties of smectites towards effective fixation of heavy metal cations. This can be achieved 
effectively in a planetary ball mill, where the impact energy is transferred to the powder resulting from the ball to 
ball and ball to wall collisions. Mechanochemical activation of smectites by high-energy grinding (HEG) results 
in substantial changes of their structure and produces fresh and active surfaces and therefore they can be used for 
heavy metals removal and immobilisation. Moreover, the removal of metal cations by mechanochemically activat-
ed smectites has not been extensively analysed yet. 

Hence, the aim of this work was to prepare modified materials suitable for metal cations removal based on saponite 
Sumecton using HEG for 2, 4, and 6 minutes. The corresponding structural changes were tracked by scanning 
electron microscopy, X-ray diffraction, FTIR spectroscopy, the determination of cation exchange capacity and 
specific surface area, and thermal analysis. The removal of Cu2+ and Ni2+ by parent and treated samples was further 
investigated. Batch adsorption experiments were run in aqueous solutions to study the influence of initial metal 
cations concentration and pH on the amount of removed metal cations. The concentrations of Cu2+ and Ni2+ ions 
in supernatants before and after adsorption were determined by atomic adsorption spectrometry. The amount of 
removed metals ions per mass unit of the adsorbent at equilibrium qr (mg/g) was calculated using equation (1).

(1)

Where c0 (mg/L) is the initial concentration of the metal ion, cf (mg/L) is its final concentration, V (L) is the volume 
of adsorbate solution, and m (g) is the mass of the adsorbent.

Mechanical stress during high-energy grinding of saponite smectite sample changed the structure considerably and 
active Mg-OH surface with high acid neutralization capacity appeared. For Cu2+ removal, the formation of insol-
uble Cu(OH)2 was confirmed by X-ray diffraction and SEM analysis, whereas for Ni2+, the formation of Ni(OH)2 
was confirmed by SEM. The removal of Cu2+ in the Cu(OH)2 form by activated saponite was more efficient than 
Ni2+ removal. Mechanical activation increased Cu2+ removal or adsorption from 33.2 mg/g to 287 mg/g and Ni2+ 

from 46.0 mg/g to 124 mg/g. The removed metal cations form insoluble hydroxides on the surface of ground 
saponite, so the ions are fixed and unavailable for further ion exchange. This study provides a promising option 
of smectite modification to prepare efficient adsorbents for treating wastewater containing heavy metals, such as 
Cu2+ and Ni2+. The removal performances are significantly better than those of smectite based adsorbents reported 
previously. The results reveal that the mechanochemical activation is a low-cost, effective, and available method 
of smectite structure modification and can be considered a potential candidate for feasible application.
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VALORIZATION OF FIRED BRICK CLAY IN LIGHTWEIGHT WASTES 
BASED GEOPOLYMER AGGREGATES
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From the late 1970’s, a new class of materials, also known as geopolymer materials have demonstrated an increas-
ing interest in various industrial applications, due to their outstanding properties, such as mechanical, thermal and 
chemical properties, constant within the time. Recent researches have investigated the use of low quality clay, 
by-products sourced from various industries instead of a pure metakaolin, which is one the most aluminosilicate 
materials used for geopolymer. The raw clay materials in geopolymer materials are of great interest for building 
applications, where the demands of reducing the energy consumption is high. Furthermore, the valorization of 
waste production such as construction demolition waste (which represent 25 - 30 wt% of all waste in the EU), for 
example bricks, is an important challenge for the future. 

The aim of this work is the synthesizing of new lightweight waste based geopolymer aggregates from fired brick 
clay, in order to replace the natural lightweight aggregates. This study mainly focuses of lightweight geopolymer 
aggregates made from fired brick clay and silica fume (another waste from metallurgy industry) with various alka-
line solutions. Indeed, several lightweight based geopolymer aggregates were synthesized. Then, the consolidated 
samples were physically and chemically characterized (such as density, water resistance properties and pore size 
distribution). Then, mechanical tests were performed. To finish, composite materials made from cement, geopoly-
mer and brick clay were synthesized to observe the interactions between the lightweight wastes based geopolymer 
and the matrix. The results evidenced a great interest in the use of fired brick clay in the production of lightweight 
wastes based geopolymer, with for example a mechanical behavior similar to natural lightweight aggregates. Plus 
they also exhibit a density within the range 0.4 to 0.7 g/cm3.
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INFLUENCE OF SILICATE SOLUTION PREPARATION ON 
GEOPOLYMERS BASED ON BRICK CLAY MATERIALS
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From the late 1970’s, a new class of materials, also known as geopolymer materials have demonstrated an increas-
ing interest in various industrial applications, due to their outstanding properties, such as mechanical, thermal and 
chemical properties, constant within the time. The main parameter to control the formation of the geopolymer 
is the aluminosilicate source. Indeed, numerous studies are conducted on the use of alternative low quality clay, 
by products from various industries as an aluminosilicate source. Still, recent research have also investigated the 
effect of the alkaline solution on the polycondensation reaction. 

Thus, this study concerns the effect of mixed alkali cation solutions on the polycondensation reactions of geoma-
terials based on brick clay mixtures. To achieve this objective, various alkaline silicate solution (Na, K and Na-K) 
with different Si/M molar ratio was used with a calcined brick clay materials, previously described as potential 
raw material in the case of geomaterials. To evidence mainly the effect of the alkali cation in presence of such an 
aluminosilicate source, FTIR and Raman spectroscopy, thermal analyses and compressive tests were performed to 
reveal the performance of the alkaline solution and aluminosilicate source. Nonetheless, the alkaline solutions fea-
tures were intensively investigated by spectroscopy techniques. The various solutions contained different siliceous 
species (rings, chains) that modified the polycondensation reactions and the Si-O-Ca bond formation. The effect 
of the polarizability of the alkaline and earth alkaline solutions must be controlled to enhance the final properties. 
Better mechanical properties were obtained with a blow water content. 
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HYBRID IMOGOLITE FOR TRAPPING PERSISTANT ORGANIC 
POLLUTANTS
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In 2013 the European Union modified the Water Framework Directive adding 12 new substances to the 33 previous 
ones establishing a list of 45 priority substances in the field of water in order to define norms for “good status” for 
water. Among these substances are the so-called persistent organic pollutants (POP) which are small molecules 
slightly soluble in water and poorly biodegradable and therefore tending to accumulate in living organisms. They 
belong to three main families: polycyclic aromatic hydrocarbons, halogenated and polychlorinated biphenyl com-
pounds.

Imogolite is a natural aluminosilicate nanotube discovered in 1962 by Yoshinaga and Aomine in volcanic Japanese 
soils [1]. This nanotube has a monodisperse diameter ranging from 2 and 2.8 nm (depending on its formation and 
composition) and a polydisperse length (from a few tens of nanometers to several microns) [2]. In recent years, 
it has been realised that many structural and chemical modifications of imogolite-like structures can be achieved 
[3,4]. In 2010, Bottero et al. succeeded in modifying the tube internal surface by substituting the usual silicon 
precursor, tetraethoxysilane, with amethyltriethoxysilane [5]. This allows for the formation of a hybrid Janus na-
notube with a hydrophilic external surface and ahydrophobic internal surface.

In 2013, Amara et al. showed that such Janus nanotubes can capture small hydrophobic molecules in water [6]. 
Later on, we showed that these hybrid nanotubes can stabilise oil-in-water Pickering emulsionand extract a dye 
from an organic phase [7]. These properties were attributed to the ability of methyl-imogolites cavities to accom-
modate oil or oil/dye mixtures.

In this presentation, we will first present some modifications of the synthesis of hybrid imogolite aiming at improv-
ing their dispersion in water and reducing the presence of side products, such as proto-imogolite and aluminium 
hydroxides. In a second part, the trapping of some POP compounds by hybrid imogolites will be described. An 
original set-up involving dialysis bags was developed. The amount of pollutants trapped were measured by various 
techniques (UV-vis spectroscopy, ICP-MS, microcalorimetry…). The POP removal efficiency of the hybrid imog-
olite and its potential use for water remediation or monitoring will be finally discussed.

[1] Yoshinaga N., Aomine S., (1962). Imogolite in some Ando soils. Soil Science and Plant Nutrition, 22-29.
[2] Wada S.,(1987). Imogolite synthesis at 25 °C. Clays and Clay Minerals, 379-384.
[3] Wada S., Wada K., (1982). Effects of substitution of germanium for silicon in imogolite. Clays and Clay Minerals, 1236128.
[4] Avellan A., Levard C., Kumar N., Rose J., Olivi L., Thill A., Chaurand P., Borschneck D., Masion A., (2014). Structural incorporation of 

iron into Ge-imogolite nanoutbes: a promising step for innovative nanomaterials. RSC Advances, 49827-49830.
[5] Bottero I., Bonelli B., Ashbrook S., Wright P., Zhou W., Tagliabue M., Armandi M., Garrone E., (2011). Synthesis and characterization of 

hybrid organic/inorganic nanotubes of the imogolite type and their behaviour towards methane adsorption. Physical Chemistry Chemical 
Physics, 744-750.

[6] Amara M., Paineau E., Rouziere S., Guiose B., Krapf M., Tache O., Launois P., Thill A., (2015). Hybrid Tunable-Diameter Metal-Oxide 
Nanotubes for Organic Molecules Trapping. Chemistry of Materials, 1488-1494.

[7] Picot P., Taché O., Malloggi F., Coradin T., Thill A., (2016). Behaviour of hybrid inside/out Janus nanotubes at an oil/water interface. A 
route to self-assembled nanofluidics?. Faraday Discussions, 391-406.
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CLAYS IN 19th CENTURY BOOKS AND PRINTS
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Paper is a discontinuous and heterogeneous artificial system composed of cellulose fibres and other components 
that vary according to the papermaking process, fibre type, and the historical period in which it was produced [1]. 
Modern and ancient paper can contain large amounts of clay as filling material [1,2]. 

Kaolin, a hydrated Al-phyllosilicate mineral, is the most common clay added to paper as a filler, followed by mont-
morillonite clay. The first documented use of clay as a filler in European papermaking is reported by Hunter D. [3], 
in England in 1807. Currently about 40 percent of the kaolin produced is used in the filling and coating of paper. 
In filling, the kaolin is mixed with the cellulose fibre and becomes part of the paper sheet giving to it opacity and 
printability. In coating, the kaolin is distributed with an adhesive on the paper’s surface with the aim of conferring 
gloss, colour and improving the printability. Kaolin applied in coating is currently prepared in order to use particles 
that are less than two micrometres in diameter.

According to the locations where clay is extracted the quality can vary considerably. When the kaolin is extracted 
it is likely to contain impurities. Processing steps can include sieving, magnetic removal of iron and bleaching. 

While coating is intended to make paper more suitable for printing, when impurities, in particular iron compounds, 
are not carefully removed, the paper becomes less durable inducing problems in the preservation of printed doc-
uments.

In fact, deterioration of paper can be caused by chemical factors. One aspect of deterioration found on paper ar-
tefacts are characteristics spots known as “foxing”. The damage phenomenon consists in the formation of small 
and isolated rusty red spots which are often not directly linked to structural degradation of the substratum. Foxing 
stains show intensive luminescence in UV light at the initial phase of formation, when they are still undetectable 
at the visible light. Research on the nature and origin of foxing dates back to the 1930’s [4]. Since the first studies, 
foxed spots were controversially attributed to biological agents (fungi and bacteria) or to chemical factors (iron 
oxidation, organic and inorganic dust particles, etc.). 

The presence of metal impurities associated to some defacing staining on old and ancient paper can derive from 
the use of clays containing impurities. Ferruginous and titano-ferrous minerals are the common impurities found 
in kaolin and iron can be present in clays used in papermaking as oxides, hydroxides, oxy hydroxides, sulphides 
and carbonates. The relationship between the total iron content in the kaolin, the structural order of the iron species 
and the surface reactivity of kaolin can represent important variables that determine the potential damage to paper.

Actually, when archival and library material of paper is stored under unfavourable conditions, it may be deteriorat-
ed by factors triggered from the reaction of the metals present in clays and other factors such as light, temperature, 
oxygen, humidity changes, air pollutants and microorganisms.

Here we show some examples of 19th-20th century heritage objects made of paper (books, prints and archival 
documents) containing clay minerals. The co-occurrence of some clay impurities with cellulose oxidation phe-
nomena are also documented by means of scanning electron microscopy (SEM), microanalysis (EDS), µ-RAMAN 
spectroscopy [5], atomic force spectroscopy (AFM) and multispectral imaging.

[1] Roberts J.C. (1996). Neutral and alkaline sizing. In: Paper Chemistry, 2nd ed. (Ed. J.C. Roberts), Blacklie A&P, Glasgow, UK, pp. 140-
159.

[2] Barrett T (1989). Early European Papers/Contemporary Conservation Papers. The Paper Conservator 13, 1-108.
[3] Hunter D. (1974). Papermaking, the History and Technique of an Ancient Craft”, New York 1974, p. 490.
[4] Choi s. (2007). Foxing on paper: a literature review. In: Journal of the American Institute of Conservation», 46, 137-152.
[5] Bicchieri M., Sodo A., Piantanida G., Coluzza C. (2006). Analysis of Degraded Papers by Non-Destructive Spectroscopic Techniques. J. 

Raman Spectrosc.. 37(10): 1186-1192.



Scientific Research Abstracts
Vol. 7, p. 625, 2017
ISSN 2464-9147 (Online)
XVI International Clay Conference | ICC 2017 | Granada, Spain
© Author(s) 2017. CC Attribution 3.0 License

A FUNGAL POINT OF VIEW: MICROSCALE FACTS IN FUNGI-CLAY 
MINERALS INTERACTIONS IN SOIL
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In this talk the “intrigues” between fungi and clays will be discussed and some indications of possible new per-
spectives in this field will be outlined. The interaction between clay minerals and fungi have been discontinuously 
investigated in the last fifty years, and in all the published results a strong reciprocal interaction has always been 
highlighted. Stotzky and Rem [1] showed that the respiration of 27 fungal species was markedly inhibited by 
montmorillonite. The inhibition was greater as the metabolic activity of the mycelium increased but according to 
the authors it was not caused by a limitation in carbon substrate. Their conclusion was that inhibition of fungal 
respiration was related to the viscosity of the systems, which, in turn, influenced the rate of O2 diffusion. Clay min-
erals can form different complexes with fungal polysaccharides as Chenu [2] pointed out. The micro organization 
of structures formed between clay minerals and the fungal glucans was different for Ca-kaolinite and Ca-mont-
morillonite, both with enhanced porosities. Fungal polysaccharides showed a strong water-stabilizing effect with 
the formation of stable organo-clay networks. The interaction between clays and fungi in soil proved to influence 
also the ecology of other groups of microorganisms, impacting for example on the antagonism between fungi and 
bacteria. Campbell and Ephgrave [3] found that the effectiveness of the bacteria that control the spread of the plant 
pathogen Gaeumannomyces graminis varied between field sites according to clay contents in soil and demon-
strated that clay absorption to both hyphae and bacteria clearly influenced the interaction between the two. The 
absorption of fine clays to fungal mat can also induce a change in fungal behaviour. Fomina and Gadd [4] showed 
that the inclusion of clay minerals (bentonite rock, palygorskite and kaolinite) in the liquid medium influenced 
size, shape and structure of the mycelial pellets produced. It has emerged from many studies that the properties of 
clay-fungus aggregates are different from those of clays and fungi separately. 
Fungi, however, not only interact with clays but generate them. In fact, fungi play an important role in the dissolu-
tion of silicates and therefore in the genesis of clay minerals. Actually the presence of clay minerals is a marker of 
rocks bioweathering. Fungi dissolve silicates by acidifying their microenvironments, exuding chelating molecules, 
and by mechanical disruption of the crystal lattice. 
Several authors have shown that fungi, especially ectomycorrhizal species, are able to actively weather silicate 
minerals to extract nutrients like P, K, Ca, Mg and Fe, especially under conditions of nutrient limitation. However, 
not all the fungi dissolve minerals in the same way. Pinzari et al [5] showed that fungal phlogopite weathering 
features were irregular and variable according to the fungal species. The authors compared the weathering action 
of three fungi and showed a different ability in cation rearrangement in the mica.
A very intriguing hypothesis is that fungi can modulate their weathering efficiency towards clays, according to 
their nutritional needs and the mineral environment in which they grow. Some evidence in this direction come 
from studies like the one by Xiao et al. [6] who analysed the mechanisms at molecular level by which fungi weath-
er potassium-bearing minerals. They prepared differential expression cDNA libraries of Aspergillus fumigatus 
using suppression subtractive hybridization (SSH) technology. The model fungus was cultured with and without 
potassium-bearing minerals. They discovered that during mineral weathering the fungus changed its metabolism, 
regulating ion absorption and promoting acid production. This discovery suggests that, amazingly, some genes are 
activated in fungi by the presence of specific minerals.

[1] Stotzky G., Rem L.T. (1967). Influence of clay minerals on microrganisms: IV. Montmorillonite and Kaolinite on fungi. Canadian Journal 
of Microbiology,. 13, 11: 1535-1550. 

[2] Chenu C. (1989). Influence of a fungal polysaccharide, scleroglucan, on clay microstructures, Soil Biology and Biochemistry, 21, 2: 
299-305.

[3] Campbell R., Ephgrave J.M. (1983). Effect of Bentonite Clay on the Growth of Gaeumannomyces graminis var. tritici and on its Interac-
tions with Antagonistic Bacteria. Journal of General Microbiology 129, 771-777.

[4] Fomina M., Gadd G.M. (2002). Influence of clay minerals on the morphology of fungal pellets, Mycological Research, 106, 1: 107-117.
[5] Pinzari, F., Cuadros, J., Napoli, R., Canfora, L., Baussà Bardají, D. (2016). Routes of phlogopite weathering by three fungal strains. 

Fungal Biology 120: 1582-1599.
[6] Xiao B., Lian B., Sun L., Shao W. (2012). Gene transcription response to weathering of K-bearing minerals by Aspergillus fumigatus. 

Chemical Geology 306-307, 1-9.
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ALTERNATIVE METHODS FOR DETERMINING THE SWELLING 
POTENTIAL OF CLAYS

pLötzE michaEL*, hErzog raLF

ETH Zurich, Institute for Geotechnical Engineering, 8093 Zurich, Switzerland

The swelling of clays, a time-dependent volumetric increase, which is based on a physicochemical reaction with 
water, is one of the most important phenomena in the soil-mechanical behaviour of cohesive soils. The clay miner-
als are responsible for the swelling. However, not all clay minerals are swelling due to the same mechanism. Clay 
minerals, such as illite and kaolinite, only show an osmotic swelling. Smectite, however, exhibits additionally an 
innercrystalline swelling which causes the greatest swelling strain and pressure. The measurement of the volume 
change can be lengthy and very complex. In practical geotechnical work often a fast assessment of the swelling 
potential of cohesive soils is necessary. The aim of this work was therefore to explore alternative, simple and fast 
methods for determining the swelling behaviour of cohesive soils. 

Four clays (two different illites and two bentonites) and two soil samples (lacustrine clays) from Switzerland are 
used for this purpose. Uniaxial swelling tests in oedometer cells are performed serving as the standard experiment 
and giving the comparative value for the alternative methods. These swelling tests reveal that the soil samples have 
the lowest swelling strain (0-10%). The Illite has a swelling strain between 10 and 20%. The two bentonites show, 
as expected, much higher swelling potentials strongly dependent from cationic form (Ca-bentonite Calcigel: 50%, 
Na-bentonite Volclay: appr. 400%). Various alternative experiments with respect to the potential water absorption 
of clay-containing soils were carried out. These experiments include the Enslin-Neff measurement (maximum 
water uptake under free swelling conditions acc. DIN 18122-2), the measurement of the swell index acc. to ASTM 
D5890-11, and the shrink-swell indices acc. to Briaud et al. (2003) and Thomas et al. (2000). Other parameters 
like the cation exchange capacity (terraGIS UNSW, 2007) and the mineralogical composition, particularly the clay 
mineral content were related to the swelling potential.

None of the alternative methods could completely represent the results from the “classical” uniaxial swelling strain 
measurements. The ASTM experiment delivers only for bentonites suitable results. The Enslin-Neff experiment 
can indicate the relationships of the swelling strain best. On the basis of this experiment an estimate could be elab-
orated, which can be used to assess the swelling potential of the clays and soils despite the still existing deviations 
from the measured swelling strain. The other shrink-swell indices use results from the Enslin-Neff measurement 
with some additionally determined parameters but have not brought any improvement in the correlation with the 
swelling strain. The CEC and the mineralogical composition do not take into account the influence of the cationic 
form on the swelling potential. As a result, the pure smectite content does not show a good correlation with the 
swelling strain. Therefore, a second model was developed, involving weighted clay mineral components. 

The two alternative methods, Enslin-Neff experiment and weighted clay mineral contents, allow a classification 
of the swelling potential. These two approaches are recommended to deepen in further investigations to improve 
the quality of the predictions.

[1] ASTM D5890-11 (2011). Standard Test Method for Swell Index of Clay Mineral Component of Geosynthetic Clay Liners. ASTM Volume 
04.13 Geosynthetics.

[2] Briaud J., Zhang X., Moon S. (2003). Shrink Test-Water Content Method for Shrink and Swell Predictions. ASCE Journal of geotechnical 
and geoenvironmental engineering. 129(7), 590 - 600.

[3] DIN 18122-2 (1995). Bestimmung des Wasseraufnahmevermögens. Beuth Verlag GmbH, Berlin.
[4] terraGIS, UNSW (2007). Cation exchange capacity and the shrink-swell-potential. http://www.terragis.bees.unsw.edu.au/
[5] terraGIS_soil/sp_cation_exchange_capacity.html.
[6] Thomas P., Baker J. & Zelazny L. (2000). An expansive soil index for predicting shrink - swell potential. Soil Science Society of America 

Journal. 64(1), 268 - 274.
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NEW DOPED PHYLLOSILICATES FOR INDUSTRIAL APPLICATIONS

mathiLdE poiriEr (1)*, christophE LE roux (1), suzannE FEry-ForguEs (2), piErrE micoud (1), 
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(1) Laboratoire GET, CNRS UMR 5563, 14 avenue Edouard Belin, 31400 Toulouse, France, (2) Laboratoire SPCMIB, 
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Synthetic clay minerals are a new generation of layered solids that offer unique control over the chemical structure, 
cation exchange capacity and physical aspect [1]. They can be tailored to promote specific properties in view of a 
wide range of applications in the field of materials. 

Since 2006, the «ERT Géomatériaux» team of the GET laboratory of Toulouse (France) has elaborated several 
non-swelling synthetic phyllosilicates such as talc, mica, kaolinite under hydrothermal conditions [2-6]. These 
new minerals present notable similarities with their natural analogs such as the lamellar TOT structure. They also 
have a number of distinctive features such as their submicronic size, their hydrophilic behaviour and their chemical 
purity that is guaranteed by the hydrothermal synthesis procedure. 

Combining the favorable features of the synthetic minerals with an organic molecule that displays specific prop-
erties gave access to new organic-inorganic hybrids. In particular, many studies undertaken in the laboratory have 
led to the preparation of doped hybrids thanks to the strong and unexpected adsorption potential of the synthetic 
phyllosilicates towards specific organic molecules [7]. The elaboration of such nanocomposites is easy, cost-effec-
tive and versatile. The hybrids have been analyzed by several analytical tools (XRD, NMR, DLS, fluorescence mi-
croscopy and spectroscopy) and the interaction between the organic and mineral phases was thoroughly analyzed. 
The adsorption process was much more efficient in synthetic minerals than in natural minerals. To conclude, the 
elaboration of such organic-inorganic hybrids is very promising and opens a new route towards optical brighteners, 
cosmetics, polymers, as well as in the field of paper milling, inks and biological markers. 

[1] Zhang D., Chun-Hui Zhou C.-H., Lin C.-X., Tong D.-S., Yu W.-H. (2010). Synthesis of clay minerals.Appl. Clay Sci. 50, 1-11.
[2] Aymonier C., Claverie M., Le Roux C., Martin F., Micoud P. (2016). Composé minéral synthétique, composition comprenant un tel com-

posé et procédé de préparation d’un tel composé. International patent n°PCT/FR2016/052454, 09/27/2016, on behalf of Centre National 
de la Recherche Scientifique (CNRS) and Université Toulouse III Paul Sabatier.

[3] Aymonier C., Claverie M., Le Roux C., Martin F., Micoud P. (2016). Procédé de préparation de particules minérales synthétiques et 
composition comprenant des particules minérales synthétiques. International patent n°PCT/FR2016/052453, 09/27/2016, on behalf of the 
Centre National de la Recherche Scientifique (CNRS) and Université Toulouse III Paul Sabatier.

[4] Dumas A., Ferrage E., Le Roux C., Martin F., Micoud P., Petit S. (2015). Composition comprising phyllomineral particles and method for 
the production thereof. International patent n°PCT/FR2015/050982, 05/13/2015, and n°WO 2015/159005 A1, 10/22/2015, on behalf of 
the Centre National de la Recherche Scientifique (CNRS) and Université Toulouse III Paul Sabatier.

[5] Dumas A., Le Roux C., Martin F., Micoud P. (2014). Method for preparing a composition comprising functionalised mineral particles and 
corresponding composition. International patent n°PCT/FR2014/051636, 06/26/2013, and n°WO 2014/207397 A1, 12/31/2014, on behalf 
of the Centre National de la Recherche Scientifique (CNRS) and Université Toulouse III Paul Sabatier.

[6] Dumas A., Le Roux C., Martin F., Micoud P. (2014). Method for preparing a composition comprising functionalised silico/germano-metal 
particles and composition obtained. International patent n°PCT/FR2014/051553, 06/20/2014, and n°WO 2014/202920 A1, 12/24/2014 on 
behalf of the Centre National de la Recherche Scientifique (CNRS) and Université Toulouse III Paul Sabatier.

[7] Aymonier C., Féry-Forgues S., Le Roux C., Martin F., Micoud P., Poirier M. (2017). French patent n° FR 17/50612, 01/25/2017 on behalf 
of the Centre National de la Recherche Scientifique (CNRS) and Université Toulouse III Paul Sabatier.
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STRUCTURE OF HALLOYSITE NANOTUBES INTERCALATED WITH 
IRINOTECAN SOLVED BY MOLECULAR SIMULATION METHODS

eleni Gianni (1), dimitrios papoulis (1), milan pšenička (2), miroslav pospíšil (2)*
(1) Geology Department, University of Patras, 26504, Patras, Greece, (2) Faculty of Mathematics and Physics, Charles 
University, Prague, Czech Republic

In our recent work, we used molecular simulation methods to describe tubular structure of hydrated and dehydrat-
ed halloysites intercalated with irinotecan. Halloysites are very interesting matrices to be explored as drug nano-
carriers due to their biocompatibility and stability. The bioactive drugs can be intercalated into the inner spheres of 
the tubes and then can be transported to the right place in the human body and released [1]. 

Preparation and construction of the model of halloysite nanotubes for subsequent calculations was based on pub-
lished paper, where the atomic coordinates for spiral shape of nanotube were introduced [2]. Unhydrated tube of 
halloysite was built and modified for using it for optimization with irinotecan molecules. Conformational analysis 
of irinotecan was done and its final and energetically preferable geometrical conformation was used for testing 
with various amounts of irinotecan related to experimental data. Also various positions on inner sphere of hal-
loysite were tested. Optimized intercalated structure of halloysite with irinotecan and water molecules was used for 
molecular dynamics calculations to study mutual interactions between drug molecules, water and halloysite tube. 
Similar calculations were done for hydrated halloysite tube with irinotecan molecules. 

We will present models of both unhydrated and hydrated halloysite tubes with the most probable arrangement of 
adjacent irinotecan molecules on inner spheres and description of mutual interactions calculated by molecular 
simulation methods in Material Studio modelling environment.

[1] Shutava T.G., Fakhrullin R.F., Lvov Y.M. (2014). Spherical and tubule nanocarriers for sustained drug release. Current Opinion in Phar-
macology 18, 141-148.

[2] Ferrante F., Armata N., Lazara G. (2015). Modeling of the Halloysite Spiral Nanotube. J. Phys. Chem. C, 119, 16700-16707.
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ILLITE INDICES UNDER LOW-TEMPERATURE CONDITIONS TO 
DECIPHER COMPLEX GEODYNAMIC EVOLUTION, A REVIEW

séBastiEn potEL (1)*, tatiana maison (1), michaEL patrick douBLiEr (2), raFaEL FErrEiro 
mäHlmann (3)
(1) Basins-Reservoirs-Resources (B2R), Institut Polytechnique LaSalle Beauvais, Geosciences Department, F-60026 
Beauvais, France, (2) Geoscience Australia, Resources Division, Cnr Jerrabomberra Avenue and Hindmarsh Drive, 
Symonston 2609, ACT, Australia, (3) Technische Universität Darmstadt, Technical and Low Temperature Petrology, Institut 
für Angewandte Geowissenschaften, D-64287 Darmstadt, Germany

In very low- and low-grade metapelites and metaclastites, the fundamental methods used to decipher the metamor-
phic conditions are based on clay mineral evolution and coal petrology [1].

Since the illite “crystallinity” (IC) method [2] is used to monitor gradual changes with increasing metamorphic 
grade from diagenesis to incipient metamorphism, expressed as a sharpening of the 10 Å illite X-ray diffraction 
peak. The IC is used as a parameter, empirically related to the aggradation [1] of illite. In addition, and often ap-
plied complementary, K white mica b-cell dimension [3] has been used to determine the nature of the pressure gra-
dient in the studied samples. This method is based on the fact that (i) with increasing pressure, K-white mica shows 
an increasing celadonite content at constant temperature; and (ii) K-white mica b-cell dimension show a positive 
correlation with celadonite content [4]. This method was further refined with the construction of an empirical P-T 
diagram contoured for different K-white mica b-cell dimensions [5], and more recent work also demonstrates a 
excellent correlation with spectral parameters [6].

Combined together, illite “crystallinity” and K-white mica b-cell dimension help to gain insight into the tectonic 
evolution of low-grade metamorphic terranes. For example, nappes with different tectono-thermal histories can be 
recognized by using both methods. In fact, differences in K-white micas b-cell dimension in samples from differ-
ent nappes with similar KI values will indicate a different metamorphic history [7].

Recent studies combining both methods have shown their reliability under different metamorphic regime and the 
possibility to decipher complex geological history [8]. However, these two parameters are responding differently 
in terms of kinetic to the variation of pressure and temperature. In the Vosges, the use of the K-white mica b-cell 
dimension helped to constrain the overprint due to granitic intrusion in a sedimentary basin and to reveal the 
poly-metamorphic history [9]. In that case, the K-white mica b-cell dimension is re-equilibrated by the thermal 
heating and indicate low-pressure gradient. This is not the case in New Caledonia, where the K-white mica b-cell 
dimension conserve the clue of the high-pressure metamorphic event and is not affected by late re-equilibration 
during the exhumation (outlined by fluid inclusion and organic matter reflectance) [10]. One main difference be-
tween those two cases is the duration of metamorphism, the enthalpy of the system and heat flow.

[1] Ferreiro Mählmann R., Bozkaya O., Potel S., Le Bayon R., Šegvić B., Nieto F. (2012). The pioneer work of Bernard Kübler and Martin 
Frey in very low-grade metamorphic terranes: paleo-geothermal potential of variation in Kübler-Index/organic matter reflectance corre-
lations. A Review. Swiss J Geosci, 121-152.

[2] Kübler B. (1968). Evaluation quantitative du métamorphisme par la cristallinité de l’illite. Bulletin Centre Recherche Pau, S.N.P.A., 
385-397.

[3] Sassi F.P., Scolari A. (1974). The b0 of the potassic white micas as a barometric indicator in low-grade metamorphism of politic schists. 
Contrib Mineral Petrol, 143-152.

[4] Guidotti C.V. (1984). Micas in metamorphic rocks. In/ Bailey SW (ed) Micas. Rev Mineral, 357-468.
[5] Guidotti C.V., Sassi F.P. (1986). Classification and correlation of metamorphic facies series by means of muscovite b0 data from low-

grade metapelites. Neue Jahrbuch für Mineralogie Abhandlungen, 363-380.
[6] Doublier M.P., Roache T., Potel S. (2010): Short wavelength infrared spectroscopy: a new petrological tool in low- to very low-grade 

pelites. Geology 38, 1031-1034.
[7] Ferreiro Mählmann R., Giger M. (2012): The Arosa zone in Eastern Switzerland: Oceanic, syn-sedimentary, accretional and orogenic 

very-low grade patterns in a tectono-metamorphic mélange. Swiss J Geosci, 203-233.
[8] Doublier M.P., Potel S., Franke W., Roache T. (2012). Very low-grade metamorphism of Rheno-Hercynian allochthons (Variscides, Ger-

many): facts and tectonic consequences. Int J Earth Sci, 1229-1252.
[9] Potel S., Maison T., Maillet M., Sarr A.C., Doublier M.P., Trullenque G., Ferreiro Mählmann R. (2016). Reliability of very low-grade 

metamorphic methods to decipher basin evolution: Case study from the Markstein basin (Southern Vosges, NE France). Applied Clay 
Science, 175-185.

[10] Potel S., Ferreiro Mählmann R., Stern W.B., Mullis J., Frey M. (2006). Very Low-grade Metamorphic Evolution of Pelitic Rocks under 
High-pressure/Low temperature Conditions, NW New Caledonia (SW Pacific). Journal of petrology, 991-1015.
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REFRACTORY BRICKS FROM TWO CLAYS OF FOUMBAN REGION 
(WEST CAMEROON)
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The region of Foumban (west Cameroon) contains several clay deposits whose exploitation is limited to the manu-
facture of pottery and other decorative uses. The use of those clay deposits may be optimized by the manufacture 
of high added value products.

In this context, the formulation and firing tests were carried out on two clays (KK and MY3) of the Foumban re-
gion over a range of temperature from 1300 to 1550 °C. Since KK clay presents a more refractory appearance than 
clay MY3, KK sample was compacted and fired at 1550 °C to produce chamotte. This chamotte was then mixed 
with 14, 20 and 30% of each crude raw material as binder phase, humidified with 4 to 6% distilled water, then 
pressed at 100 and 120 MPa, dried at 110% and sintered at 1400, 1450 and 1500 °C to produce refractory bricks. 
The technological properties of elaborated bricks (firing shrinkage, bulk density, water absorption, open porosity 
and compressive strength) have been determined.

The mixture made by 80% of chamotte KK and 20% of MY3 pressed at 120 MPa and sintered at 1450 °C has no 
firing shrinkage (0%), a bulk density of 2.06 g/cm3, a water absorption 8.0% and an open porosity of 16.7%. These 
characteristics are similar to commercialised aluminosilicate refractory bricks. Moreover its compressive strength 
of 26.5 MPa is comparable to the high alumina content refractory bricks.

Acknowledgement: the authors thank the Intra-African University Mobility Program (PAFROID)and the Royal Academy of Research and 
Higher Education (ARES), partner of the Belgian Cooperation Development, for the support given to this study through the PRD project 
“Characterization and Valorisation of Foumban clays, West Cameroon”.
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MODELING OF CLAY EDGES IN CLASSICAL MD SIMULATIONS
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The ClayFF force field [1] is widely used to model clay minerals, related layered materials, and their interfaces 
with aqueous solutions. In such simulations, clay particles are typically represented by semi-infinite layers, i.e., 
they do not have any edges. This simplification is acceptable to a certain extent, but real clay particles always have 
a finite size and should be terminated by lateral surfaces or edge surfaces. These surfaces can not only exhibit ad-
sorption sites highly different from the ones on the basal surfaces of clay minerals, but are also subject to proton 
exchange reactions: all physico-chemical processes related to the aqueous phase acidity predominantly occur at 
the clay particle edges. 

The original ClayFF parameterization leads to overly disordered hydroxylated surfaces, limiting its reliability for 
the modeling of the edge surfaces. This issue can be addressed by adding to the original ClayFF an explicit angle 
bending term for the Metal-O-H groups, as it has been recently done for Mg-O-H [2]. In the present work we 
have generalized this approach to develop a new set of parameters for the Mg-O-H, Al-O-H, and Si-O-H terms 
applicable to clay structures based on a series of systematic DFT calculations for structural models of the bulk 
crystals, their basal surfaces, and edge surfaces. Gibbsite Al(OH)3 and brucite Mg(OH)2 crystal structures were 
used in this parameterization, because their layers can be considered as the octahedral backbones of many clay 
minerals. In addition, the Si-O-H term was parameterized applying the same approach to an edge model of kao-
linite Al2Si2O5(OH)4.

Classical molecular dynamics simulations (CMD) using ClayFF with and without the new Metal-O-H term 
(called, respectively, ClayFF-orig and ClayFF-MOH) were performed to quantitatively analyze the structural and 
dynamical effects of the new term on the simulated properties by comparing them with the results of ab initio mo-
lecular dynamics simulations (AIMD). The Metal-O-H angular distributions and spatial orientations of structural 
O-H groups for the ClayFF-MOH model are in good agreement with the AIMD results and demonstrate a great 
improvement over the ClayFF-orig models. The dynamical properties were compared by calculating the power 
spectra of O-H librational motions from the velocity autocorrelation functions of the hydrogen atoms. When tran-
sitioning from ClayFF-orig to ClayFF-MOH the whole group of librational bands becomes significantly narrower 
and is shifted by up to 600 cm-1 towards higher frequencies, and the main bands become more pronounced, bring-
ing the results in a much better agreement with similar spectra calculated from AIMD calculations. An important 
indirect effect of the new ClyFF term is a significant improvement of the quantitative description of the interfacial 
hydrogen bonding structure and dynamics, observed for the gibbsite basal and edge surfaces as well as for the 
kaolinite edge surface. 

[1] Cygan R.T., Liang J.J., Kalinichev A.G. (2004). Molecular models of hydroxide, oxyhydroxide, and clay phases and the development of 
a general force field. Journal of Physical Chemistry B 108, 1255-1266.

[2] Zeitler T.R., Greathouse J.A., Gale J.D., Cygan R.T. (2014). Vibrational analysis of brucite surfaces and the development of an improved 
force field for molecular simulation of interfaces. Journal of Physical Chemistry C 118, 7946-7953.
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Long-term deep geological repositories (DGR) are the preferred option for the treatment and management of ra-
dioactive wastes in nuclear power-producing countries. In this concept, nuclear wastes are encapsulated in metal 
containers that are surrounded by bentonite-engineered barrier and emplaced in the host rock formation. An in-
depth understanding of host rock processes relevant to safety is thus required, including the impact of microorgan-
isms under repository relevant conditions. Several studies have been carried out for the selection and characteriza-
tion of clays that could act properly as backfill and sealing material in the DGR [1]. 

In Spain, bentonite formation located in “El Cortijo de Archidona” (Cabo de Gata, Almería), was selected as a 
reference material for bentonite-engineered barriers for the future Spanish repository. These clay formations 
have been well characterized from mineralogical, geochemical and technological points of view [2]. Studying the 
potential effects of microbial activity on the various engineered barriers is also of high importance. These studies 
must cover, among other topics, the presence of indigenous microorganisms and their survival and mobility in 
compacted clay-based buffer materials under relevant conditions. The study of microbial diversity of the Spanish 
bentonite is the key point to determine whether the indigenous microbes are able to produce metal corrosion, 
transformation of the Fe-containing minerals and/or to affect the mobility and migration of radionuclides from 
repositories to the biosphere [3]. In this study, samples of Spanish bentonite (control and acetate-treated samples) 
were compacted at two different densities (1.5 and 1.7 g/cm3), and incubated for six months under anaerobic con-
ditions at room temperature. Acetate was used as an electron donor at the concentration of 30 mM to stimulate the 
growth of iron-reducing bacteria. Next generation sequencing based on Illumina technology was used to determine 
the structure and composition of bacterial community of these samples before and after the anaerobic incubation. 
Using this technique, the bacterial diversity analysis of both samples before the incubation revealed similar results, 
showing the presence of bacterial phyla such as Actinobacteria, Proteobacteria, Bacteroidetes, Chloroflexi, Fir-
micutes, Acidobacteria, Verrucomicrobia and Planctomycetes, among others. These groups have been classified in 
560 different genera which include bacteria described for their role in biogeochemical cycle of Fe such as Acidi-
ferrobacter, Ferrimicrobium, Ferrithrix and Aciditerrimona. Some bacteria are nitrite-oxidizing organisms such 
as Nitrospira, nitrate reducing bacteria such as Conexibacter and Ramlibacter, and sulfur-oxidizing bacteria such 
as Thiobacillus and Thioalbus. Finally, some of the bacteria are being used for metal/radionuclide bioremediation 
purposes such as Variovorax, Sphingomonas, Stenotrophomonas, among others. The evolution of the bacterial 
diversity after six months of anaerobic incubation will be discussed. In addition, the data obtained from mineralog-
ical (X-Ray Diffraction) and microscopic (Scanning Electron Microscopy) studies will be linked to the microbial 
diversity results to highlight the effects of the compaction and the acetate addition on the bentonite mineralogy 
and on the indigenous microbiota. The outputs of this study would help to understand the effect of biogeochemical 
processes within the bentonite barrier under repository relevant conditions as well as in developing appropriate 
waste treatment, remediation and long-term management strategies.

This work has been supported by the project CGL2014-59616-R and the grant FPU 14/04263 from “Ministerio de Educación Cultura y Deporte”.

[1] Stroes-Gascoyne S, Hamon C.J., Dixon D.A., Martino J.B. (2007). Microbial analysis of samples from the tunnel sealing experiment at 
AECL’s Underground Research Laboratory. Phys Chem Earth 32, 219-231

[2] Villar M.V., Fernández-Soler J.M., Delgado-Huertas A., Reyes E., Linares J., Jiménez de Cisneros C., Huertas F.J., Caballero E., Leguey 
S., Cuevas J., Garralón A., Fernández A.M., Pelayo M., Martín P.L., Pérez Del Villar L., Astudillo J. (2006). The study of Spanish clays 
for their use as sealing materials in nuclear waste repositories: 20 years of progress. J. Iber. Geol. 32, 15-36.

[3] Lopez-Fernandez M., Cherkouk A., Vilchez-Vargas R., Jauregui R., Pieper Dietmar, Boon N., Sanchez-Castro I., Merroun M.L. (2015). 
Bacterial Diversity in Bentonites, Engineered Barrier for Deep Geological Disposal of Radioactive Wastes. Microb. Ecol. 70, 922-935.
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The effect of the microwave assisted acid treatment on 5 kerolitic clay samples (K1 to K5) from the Madrid ba-
sin was studied. The scope was to assess if the structural characteristics and composition of samples control the 
effectiveness of treatment. The XRD data showed that the starting samples consist of kerolite-Mg-smectite mixed 
layers showing variable stevensite content with percentages ranging between 10 and 50%. Minor discrete saponite 
is present in samples K1, K3 and K4.

The microwave assisted acid treatment of samples with lower amounts of kerolite caused a general decrease of the 
diffraction peaks, including the 0k0 (020 and 060) reflections. The decrease in intensity is more pronounced in the 
basal reflections. In addition, the decrease in intensity of the basal reflections is lower in the kerolite-rich mixed 
layer clays, suggesting a much higher resistance to microwave assisted acid treatment.

X-ray fluorescence (XRF) data showed that Mg2+ is the dominant cation in the octahedral sheets, with Al3+ and 
Fe being minor cations. The isomorphic substitutions of Mg2+ by Al and Fe are significantly lower in the case of 
samples with higher kerolite content. The XRF data data showed that microwave assisted acid treatment of ker-
olitic samples caused partial dissolution of Mg from octahedral sheet and consequent segregation of amorphous 
silica, being the dissolutions of the octahedral sheets less intense in the samples with higher proportion of kerolite. 
After the first minutes of treatment the amount of interlayer Ca2+ strongly decreases whereas K+ remained constant. 
This result suggests that H+ replaces Ca2+ in interlayer positions through ion exchange mechanism during the acid 
treatment.

SEM micrographs showed that microwave assisted acid treatment reduced the size of the aggregates of laminar 
particles. These changes are more pronounced in samples K1, K5 and K3 and lower in samples K2 and K4. 
Moreover, these textural modifications, obtained after few minutes of treatment, are accompanied by a remarkable 
increase in the BET specific surface area of   the kerolite samples, which reach exceptionally high values   (up to 435 
m2/g). In the case of samples with higher stevensite contents, the increase in the BET specific surface area is mainly 
due to increases in micropores, whereas in the sample with higher kerolite contents, it is mainly due to increase in 
the external surface area of the particles.

This study showed that despite the similar octahedral sheet chemical composition, the structural characteristic 
governs the properties and effectiveness of the microwave assisted acid treatments of Mg-rich clay minerals. Thus, 
magnesian clay minerals with interlayer cations, such as stevensite, are more labile than kerolite, which does not 
have interlayer cations. It is suggested that acid digestion of stevensite occurs simultaneously at the edges of par-
ticles and within the interlayer space, whereas in the case of kerolite, it occurs exclusively at the particle edges.
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Smectite is commonly a dominant clay mineral in base rich lowland areas throughout the world but there has been 
no systematic study on this aspect of Thai lowland soils [1]. In many natural smectites, the charge is distributed 
over both tetrahedral and octahedral sheets. Soil smectites with high amounts of tetrahedral substitution (e.g. bei-
dellite) are believed to fix K+ and NH4

+ more strongly than does montmorillonite and thus affect soil fertility [2]. 
The primary objective of this study was to develop criteria to characterize the smectite present in Thai soils. This 
research is a component of a survey of the clay mineralogy of Thai soils which is intended to improve our knowl-
edge of soil properties and to help with the development of optimum land management practices.

Topsoil samples from ten lowland soils from the Thai Central Plain were used for this investigation. The sedimen-
tary basin occupying the Thai central plain has been filled with Quaternary fluvial and swamp sediments reaching 
a thickness of almost 2000 m [3]. The parent materials of some of these soil are associated with limestone derived 
alluvium and a deltaic environment. These areas have a high water table where ions leached from adjacent upland 
have accumulated resulting in the authigenesis of smectite and calcite in soils. The dioctahedral smectite in these 
smectite-rich soils was investigated in detail. The swelling behaviour of heated Li-saturated smectites demonstrat-
ed that the smectites are beidellitic in character [4].

[1] Ghosh A.K., Sarkar D., Bhattacharyya P., Maurya U.K. and Nayak D.C. (2006) Mineralogical study of some arsenic contaminated soils 
of West Bengal, India. Geoderma 136: 300-309.

[2] Laird D.A., Fention T.E. and Scott A.D. (1988) Layer charge of smectites in an Argiaboll-Argiaquoll sequence. Soil Sci. Soc. Am. J. 52: 
463-467.

[3] Sinsakul S. (2000) Late Quaternary geology of the Lower Central Plain, Thailand. J. Asian Earth Sci. 18: 415-426.
[4] Greene-Kelly R. (1955) Dehydration of the montmorillonite minerals. Mineralogical Magazine 30: 604-615.
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Biohybrid materials, based on immobilisation of bacteria in organic or inorganic matrices, are crucial for biotech-
nology uses. These “living materials” present several applications such as catalysts for environmental bioreme-
diation, optical and electrochemical sensors. Among the various supports described for bacteria immobilization, 
Layered Double Hydroxides also called anionic clays present several advantages including a positively charge 
surface, a 2D open framework and hydroxylated surface in favor of enhanced interactions with cell membranes [1]. 

In this study, the immobilisation of bacteria such as Pseudomonas sp. strain ADP (ADP) in Layered Double 
Hydroxides (LDH) was investigated in using various approaches such as adsorption, direct co-precipitation or 
layer- by- layer process. The efficiency of the resulting bionanocomposites was also studied for applications in 
biodegradation process or biosensor development. ADP is a well-characterized bacterium able to mineralize the 
herbicide atrazine, a broad-leaf weed control herbicide which due to its high persistence and mobility in soil has 
often been detected in surface and groundwater at levels higher than authorized. Several ADP@Mg2Al-NO3 LDH 
bionanocomposites were obtained using ADP suspensions and LDH nanoparticles or by conducting the LDH syn-
thesis from Al(NO3)3 /Mg(NO3)2 aqueous solution directly in presence of cells. Systematically, the as-prepared bio-
nanocomposites were deeply characterized by XRD, FT-IR spectroscopy, Zeta-potential, thermo gravimetric anal-
yses (TGA) and transmission electron microscopy (TEM) to get better insight on the biohybrid structure and the 
interaction involved between the biological and inorganic components .Biodegradation of atrazine using ADP@
LDH biohybrids was then studied and compared to ADP free cells stored under the same conditions. Atrazine 
biodegradation was followed by HPLC analyses of the supernatants at different times. Strikingly, biodegradation 
activity of ADP cells can be strongly improved after immobilisation on LDH according to the immobilization strat-
egy and the LDH composition. Moreover, excellent cell viability was highlighted for the ADP immobilized into the 
bionanocomposites thanks to the soft chemistry conditions used during the processes. Such bacterial cells@LDH 
bionanocomposites offer interesting advantages such as stability, protection of cells and enhance the activity. This 
study was extended to the design of thin bacteria/Layered Double Hydroxides (LDH) films in which bacterial cells 
of ADP were assembled alternatively with Mg2Al-NO3 LDH nanosheets by a layer-by-layer deposition method [4]. 
The metabolic activity of immobilized bacteria was further determined using chronoamperometry by measuring 
the biochemical oxygen demand in presence of glucose using an artificial electron acceptor.

Following similar strategies, an Escherichia coli strain expressing a mesotrione-transforming nitroreductase[5] 
was also immobilized on LDH and its bioremediation efficiency tested.

[1] Mousty C., Prevot V. (2013). Hybrid and biohybrid layered double hydroxides for electrochemical analysis. Analytical and Bioanalytical 
Chemistry 405, 3513-3523.

[2] Alekseeva T., Prevot V., Sancelme M., Forano C., Besse-Hoggan P. (2011). Enhancing atrazine biodegradation by Pseudomonas sp. strain 
ADP adsorption to Layered Double Hydroxide bionanocompositesJ . Haz. Mater. 191,126-135.

[3] Halma M., Mousty C., Forano C., Sancelme M., Besse-Hoggan P., Prevot V. (2015). Bacteria encapsulated in layered double hydroxides: 
Towards an efficient bionanohybrid for pollutant degradation. Colloids and Surfaces, B: Biointerfaces 126, 344.

[4] Halma M., Kenefi A., Sancelme M., Buissière P-O., Besse-Hoggan P., Prévot V., Mousty C. (2016). Thin bacteria/Layered Double Hy-
droxide films using a layer-by-layer approach. Journal of Colloid and Interface 474, 151-158.

[5] Carles L., Besse-Hoggan P., Joly M., Vigouroux A., Moréra S., Batisson I. (2016). Functional and structural characterization of two Ba-
cillus megaterium nitroreductases biotransforming the herbicide mesotrion. Biochemistry Journal 473,1443-1453.
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Since the report on the improvements of the mechanical properties in polyamides containing exfoliated clay plate-
lets, clay based nanocomposites have attracted considerable interest [1]. In this context, Layered double hydrox-
ides (LDH) platelets displaying unique anion exchange capacities, and high water content appear as attractive 
alternative to cationic clays [2]. 

In this study, LDH nanoplatelets were investigated as efficient fillers in waterborne nanocomposite film materials. 
In a first approach, nanocomposite films were simply prepared by casting physical mixtures of surfactant-free 
poly(methyl methacrylate-co-butyl acrylate) [P(MA-co-BA)] film-forming latexes and aqueous LDH suspensions 
[3]. Electrostatic interaction between positively charged LDH nanoparticles and negatively charged poly(methyl 
methacrylate-co-butylacrylate) (P(MMA-BA) latex promote the adhesion of the LDH platelets on the latex surface 
[4]. Because the P(MMA-BA) Tg is close to room temperature, film formation was performed at room temperature 
as currently reported in coatings applications. 

To go further, new latex microstructures were also synthesized by using the RAFT-mediated encapsulating emul-
sion polymerization (REEP) process from a [P(MA-co-BA)] matrix and similar LDH filler and subsequently 
involved in film formation. In such approach, negatively-charged macroRAFT agents can be electrostatically 
adsorbed onto the surface of the positively-charged LDH particles, providing both colloidal stability [5] and a 
re-activatable group (the RAFT function) from which polymerization could be recommenced during the sub-
sequent REEP [6]. The nature of the adsorbed polymer proved critical to the morphology of the resulting latex 
particles, formed by starve-feed emulsion polymerization of a methylacrylate (MA)/BA monomer mixture (80:20 
w/w) in the presence of the stabilized LDH particles. Various latex morphologies such as encapsulating LDH latex, 
dumbbell-like and armoured LDH latexes were obtained and used to form films. The multiscale microstructure 
of the obtained nanocomposites was investigated by WAXS, FIB/SEM and TEM. The viscoelastic behavior was 
then discussed through Dynamic Mechanical Analysis (DMA) experiments evidencing that a fine tuning of the 
nanocomposite film morphology can be achieved targeting specific properties (barrier, mechanical…).

[1] N. Hasegawa, M. Kawasumi, M. Kato, A. Usuki, O. Okada (1998). Preparation and mechanical properties of polypropylene-clay hybrids 
using a maleic anhydride-modified polypropylene oligomer J. Appl. Polym. Sci., 67, 87-92.

[2] U. Costantino, F. Leroux, M. Nocchetti, C. Mousty (2013). In Handbook of Clay Science, F. Bergaya, G. Lagaly, Ed. Elsevier: Amster-
dam,;Vol. 5, pp 765-791.

[3] C. Veschambres, M. Halma, E. Bourgeat-Lami, L. Chazeau, F. Dalmas, V. Prevot (2016). Layered double hydroxides: Efficient fillers for 
waterborne nanocomposite films, Appl. Clay Sci. 130, 55-61. 

[4] M. Pavlovic, P. Rouster, E. Bourgeat-Lami, V. Prevot, I. Szilagyi (2017). Design of latex-layered double hydroxide composites by tuning 
the aggregation in suspensions, 13, 842-851.

[5] M. Pavlovic, M. Sipiczki-Adok, C. Vebert, S. Pearson, E. Bourgeat-Lami, V. Prevot, I. Szilagyi (2015). Effect of macro RAFT copolymer 
adsorption on the colloidal Stabilization of Layered double hydroxide nanoparticlesLangmuir, 31, 12609-12617.

[6] A. Cenacchi, S. Pearson, D. Kostadinova, F. Leroux, F. D’Agosto, M, Lansalot, E. Bourgeat-Lami, V. Prevot (2017). Nanocomposite 
latexes containing layered double hydroxides via RAFT-assisted encapsulating emulsion polymerization, Polymer Chem., DOI: 10.1039/
C6PY01742H.
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Advanced oxidation processes (AOPs) leading to the oxidation of organic and inorganic contaminants appear as 
an interesting alternative technology to treat wastewaters. Various types of APOs such as UV based, ozone based, 
hydroxyl based and Fenton and Fenton-like oxidation have been developed for the generation of active hydroxyl 
radical [1,2]. To overcome the homogenous Fenton process drawbacks (e.g. pH control, sludge formation, cost), 
iron based materials were investigated to develop heterogenous Fenton reaction. Clay minerals have been extensi-
vely investigated in Fenton related oxidation processes because of their ability to reduce the amount of Fe required 
for mineralization of contaminants, their low cost and high surface area [3]. Pillaring technique can be used to 
prepare heterogeneous clay based catalysts by incorporating compounds such as Fe (III)/ TiO2, Fe2O3, Al, Al-Fe 
and Al-Ce-Fe between the layers of natural or synthetic clays. However, the major disadvantage of pillaring in-
tercalation of Fe in clays concerns the reproducibility of the composite materials as Fe is known to form different 
polycations depending on the preparation conditions. An alternative way is to use clays containing iron in their 
structural layers.

In this study, pure clay mineral fractions (<500 nm) were obtained from Velay Green clay by decarbonation and 
subsequent size fractionation using centrifugation with the aim of understanding the intrinsic properties of these 
extracts from rich volcanic earth containing iron. It was confirmed that the Velay Green clay was mainly composed 
of illite and kaolinite. Several complementary solid state characterization techniques were used to determine struc-
ture and textural properties of the clay minerals. Mössbauer spectroscopy revealed the presence of Fe (III) in the 
lattice sites of both clay minerals. In parallel, electrochemical characterization was performed by cyclic voltametry 
in the presence of methylene blue and methyl viologen acting as redox mediators to evidence the accessibility of 
Fe (III) in the clay structure. 

Further, the clay material was tested as heterogeneous catalyst for the 
Fenton like rection. Methylene blue (MB) decolorization was investi-
gated in the presence of the clay fraction and H2O2 for evidencing the 
catalytic activity of iron (III) in the clay fraction. 

The influence of different parameters such as initial pH, temperature, 
H2O2 concentration, time of reaction and clay amount on the MB deg-
radation was studied.

Fig. 1 Methylene blue formula

The results obtained demonstrate the efficiency of clay mineral fractions from Velay Green clay to degradate MB. 
The influence of hte different parameters will be detailled in our presentation.

[1] E. Neyens, J. Baeyens, (2003). A review of classic Fenton’s peroxidation as an advanced oxidation technique, Journal of Hazardous 
Materials, 98 : 33-50.

[2] Y. Deng, R. Zhao (2015). Advanced Oxidation Processes in wastewater treatment Curr Pollution Rep 1: 167-176.
[3] E.G. Garrido-Ramirez, B.K.G. Theng, M.L. Mora, (2010). Clays and Oxide Minerals as Catalysts and Nanocatalysts in Fenton-like Re-

actions - a Review, Applied Clay Science 47:182-192.
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Due to the continually increasing demand for new multifunctional nanomaterials suitable for using in biomedicine, 
it is necessary to combine actual medical knowledge and new approaches to the preparation of materials with 
desired physical and chemical properties. One of these unique materials are LDHs that exhibit desired properties, 
which allows them to be suitable nanocarriers of synthetic or natural organic compounds. It was found that LDHs 
are able to increase the chemical stability of the resulting intercalated material and allow its subsequent slow 
release in the body, or can restrict and eliminate undesirable side effects. We investigated LDHs intercalated by 
mefenamic acid in water environment using molecular mechanics and classical molecular dynamics methods.

Mefenamic acid is used as non-steroidal drug for its anti-inflammatory effects as well as an analgesic for the treat-
ment of rheumatoid arthritis, menstrual symptoms and headaches. However, due to its low solubility and because 
of certain side effects, especially gastrointestinal (including bleeding, ulceration and perforation of the stomach or 
intestines), it is necessary to find a suitable sorbent, which helps to prevent these side effects by its stabilization and 
its controlled gradual release. Some suitable materials for this purpose appear to be from LDHs group of layered 
materials. 

Mefenamic acid intercalation into various types of LDHs was already performed in [1]. Based on the experi-
mentally obtained results we created initial models for molecular modelling. Geometry of intercalated structures 
was optimized and calculated in Materials Studio2 and LAMMPS modelling environment. Resultant calculated 
structures with the best agreement with experimental data and interaction energies will be presented. Also, the 
analysis of dynamical properties as diffusion coefficients and mean square displacements will be compared with 
experimental results and also with our previous theoretical studies of LDHs intercalated by statin drugs.

[1] Cunha V.R.R., Guilherme V.A., de Paula E., de Araujo D.R., Silva R.O., Medeiros J.V.R., Leite J.R.S.A., Petersen P.A.D., Foldvari M., 
Petrilli H.M., Constantino V.R.L. (2016). Materials Science and Engineering C 58, 629-638.
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Formaldehyde (FA) is a common organic chemical used in the production of resins, adhesives, paints, and pre-
servatives. It is toxic to most organisms including humans, and has been listed as a probable carcinogen. Although 
FA remediation technologies have advanced over the past decades, there are still significant problems that prevent 
high remediation efficiency; chemical adsorption for example, only concentrates FA on a solid matrix requiring 
further handling of the spent sorbent. Bioremediation, on the other hand, degrades FA completely, yet is difficult 
to implement due to bacterial sensitivity to unfavourable environmental conditions and high FA concentrations in 
industrial effluents. In this study, we aim to design an improved FA remediation strategy by synergistically com-
bining the biological and chemical approaches. To that end, a bio-reactive clay-polymer-bacteria composite is de-
signed to both rapidly adsorbs and degrade FA. The polymer, polyetheleneimine (PEI) was selected due to its high 
affinity to clay minerals, [1] the ability to covalently yet reversibly bind FA, [2-4] and because of its use as a bac-
terial adhesion agent [5]. Initially, a PEI-montmorillonite (MMT) clay composite was designed and characterized. 
PEI adsorption to MMT was rapid and reached high loadings (>0.755 g/g MMT). Charge reversal was apparent 
at 33% CEC coverage, suggesting the extension of the polycation into the bulk liquid. Furthermore, experiments 
showed that the adsorption was governed by electrostatic interaction that were strongly pH dependent. FA binding 
to the clay composite at circumneutral pH was found to be challenging due to the reversibility of the reaction. 
Therefore, fine tuning of PEI loading, polymer MW, pH and thermal conditions coupled with characterization by 
zeta potential, FTIR and XRD measurements were used. These experiments allow the stoichiometric binding and 
release of FA as a function of pH and available amine groups to be established and controlled. Pseudomonas sp. 
that have shown the ability to assimilate and degrade FA under a wide range of pH values were chosen to be incor-
porated in the PEI-MMT composite. Bacterial adsorption and spatial organization on the composite as well as the 
FA degrading activity under various conditions was established. This unique configuration, where the bacteria are 
incorporated in the sorbent, can allow self-regeneration of the sorbent binding sites enabling long term continuous 
use. This concept of combining adsorption and biodegradation is promising for the removal of FA and can also 
serve as a model platform for the one-step removal of a wide range of pollutants. 

[1] Öztekin N., Alemdar A., Güngör N., Erim F.B. (2002). Adsorption of polyethyleneimine from aqueous solutions on bentonite clays. 
Materials Letters, 55 (1), 73-76.

[2] Kiba N., Yagi R., Sun L., Tachibana M., Tani K., Koizumi H., Suzuki T. (2000). Poly (allylamine) beads as selective sorbent for precon-
centration of formaldehyde and acetaldehyde in high-performance liquid chromatographic analysis. Journal of Chromatography A, 886 
(1), 83-87.

[3] Nuasaen, S., Opaprakasit, P., Tangboriboonrat, P. (2014). Hollow latex particles functionalized with chitosan for the removal of formal-
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APPLICATION OF DIFFERENTLY TREATED ILLITE AND ILLITE CLAY 
FOR DEVELOPMENT OF CERAMICS

Gaida sedmale (1)*, martins randers (1), maris rundans (1), valdis seGlins (2)
(1) Riga Technical University, Institute of Silicate Materials, Paula Valdena Str. 3, Riga, LV1048, Latvia, (2) Latvian 
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In recent years clay minerals as natural nanoparticles can be used to produce high-performance products such as 
modified cellulose with the improved thermal properties, to promote sintering process for high - temperature ce-
ramics densification, as well as to obtain low-temperature ceramic materials - geopolymers, and etc. Often there is 
used different ways to change the structure of clay minerals - 1:1 layer lattice alumosilicate mineral, kaolinite, as 
well 2:1 alumosilicates, illite.

This study shows the results of possibility to destroy or change of 2:1 layer silicate, illite, structure by using of 
different kinds of treatment (alkaline solution, mechanical, thermal and hydrothermal) and its influence on struc-
ture and properties of treated illite and consecutively impact of treated illite on low temperature ceramic products 
development. These results are compared with the corresponding treated clay and products from it.

In this study quaternary clays form Apriki-Laza pit located in western part of Latvia were used as source of illite. 
Separation of illite from clay was performed using chemical and sedimentation methods. For chemical treatment 
there are used 1M, 4M, 6M and 8M NaOH- water solutions. Mechanical treatment was carried out by using plane-
tary mill Retsch 100 for 24 h at 280 rev./min., thermal - at 580 °C for 1h by using Nabertherm furnace and hydro-
thermal - at 175 °C and p~1 MPa for 24 h and 72 h. There was used also Al(OH)3 for compositions with treated 
illite. These compositions, as well treated corresponding clay were pressed into cylindrical samples (h = 25 - 28 
mm and Ø = 20 mm) and sintered at different temperatures 1000 - 1100 °C for illite compositions with Al(OH)3 
and at up to 600ᵒC for chemically treated clay to obtain ceramic products. 

Phase transitions both of treated illite and corresponding clay was analysed by differential thermal analysis (Setsys 
Evolution 1750) in temperature range 20 °C to 1000 °C at heating rate of 10 °C/min. Phase composition of treated 
illite and clay was analysed by XRD (model D8 Advance Bruker and model Rigaku, Japan with CuKα radiation 
at 2θ scanning interval from 10° to 60° and speed 4°/min.) and SEM (model Nova-Nano SEM 650, Netherlands).

It is shown that the destruction of clay mineral illite structure during the different treatment is reached partly. 
Noticeable treatment effect of illite was observed by use of thermal processing at temperature up to 550 - 580 °C 
which led to release adsorbed and structural water, i.e., complete dehydration, whereas chemical, with 8M NaOH 
solution, led to formation of zeolite group mineral - sodium aluminium silicate hydrate Na6(AlSiO4)6·4H2O. Hy-
drothermal treatment of illite led to small swelling, obviously indicated by muscovite formation.

The main difference of treatment of both illite and respective clay on development of ceramic products is that the 
more active form of illite is reached by thermal treatment, but for respective clay - chemical treatment, impacted 
mainly by carbonate and quartz phases.

By use of thermal treated illite as an active component in compositions with Al(OH)3 by sintering at temperature 
1100 °C there is obtained dense ceramic with main crystalline phase - corundum (α-Al2O3) and accompanying - 
hematite (Fe2O3) phase and is characterized by compressive strength up to 170 MPa. Main tendency there is that 
in compositions illite - 40… 50% Al(OH)3 the sintering temperature is remarkably lowered what is required for 
formation of traditionally developed corundum ceramics. 

It is also shown that despite the fact that impact of chemical treatment on corresponding clay structure changes is 
small, however there is observed effects on lowering of sintering temperatures together with pressure strength and 
bulk density what is typical for building ceramics. 
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CLAY-BASED FORMULATIONS FOR METFORMIN CONTROLLED 
RELEASE
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Currently, metformin hydrochloride is the reference drug used for the treatment of type 2 diabetes [1,2], which 
as it is well known, is a widespread chronic metabolic disease, characterized by elevated blood glucose (hyper-
glycemia) [3,4]. Metformin is able to decrease blood glucose concentration by mechanisms other than insulin or 
sulphonylureas [2,3]. It also decreases plasma insulin concentrations, contributing to increase peripheral glucose 
uptake and decreasing hepatic glucose production [5]. In this way, the glycemic index is improved without gain-
ing weight by the patient. For optimal therapeutic effect, a metformin dosage of 250-500 mg 3-4 times daily, is 
required to reach a maximum of 2.5 g/day. The absolute bioavailability of metformin hydrochloride is 50-60% in 
which it has a biological half-life of 6.2 hours. However, the use of therapy with metformin results in a high inci-
dence of gastrointestinal side effects [6], and therefore, it is of great relevance to produce formulations that allow 
a controlled release of the drug. 
In this context, clay minerals have proved to be efficient substrates to produce systems for controlled drug delivery 
[7]. Thus, here is evaluated the possibility of using montmorillonite to stabilize metformin, allowing its further 
incorporation in a formulation that may increase its biological half-life, decreasing the daily dosage and presum-
ably, other side effects associated with the regular use of metformin. The selected clay mineral is a commercial 
sodium montmorillonite (MMT) known as Cloisite®-Nathat presents a cation exchange capacity ca. 93 mEq/100 
g, and acceptable characteristics for uses in pharmacology [7]. As a first step, metformin has been intercalated in 
that clay by a cation-exchange reaction carried out in water under agitation during 24 h at room temperature. The 
resulting hybrid material has been characterized by diverse physicochemical techniques showing a drug content 
of 190 mEq/100g entrapped in the intracrystalline space of the silicate. The intercalation compound was also 
combined with pectin and chitosan to produce bionanocomposite materials, in which the presence of chitosan 
may have additional advantages related to its mucoadhesive properties in view to increase its permanence in the 
intestinal tract[8,9]. The prepared materials montmorillonite-metformin (MMT-MET) pectin-chitosan/metformin 
(PEC-CHT/MET) and pectin-chitosan/montmorillonite-metformin (PEC-CHT/MMT-MET) were in vitro tested in 
release experiments in which their passage through the gastro-intestinal tractis simulated by switching the pH con-
ditions and the elapsed time in the different media. Based on obtained preliminary results, the PEC-CHT/MMT-
MET system considerably provides a good controlled release compared to the other two systems (MMT-MET and 
PEC-CHT/MET). Thus, pectin-chitosan/MMT-metformin formulation seems a promising candidate for the oral 
administration of metformin for the control of type 2 diabetes.

Acknowledgements: MINECO (Spain, project MAT2015-71117-R) and CNPQ (Brazil, fellowship 204360/2014-5).
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INDUSTRY FLY ASH AS ALTERNATIVERAW MATERIALS IN THE 
GEOPOLYMERIZATION PROCESS
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The geopolymerization is a hardening and stabilization process of basic aluminosilicate structures, which has been 
proved as an alternative or complementary technique to common binder systems that use Portland cement or lime. 
Many industrial solid wastes have chemical composition potentially suitable for the geopolymerization process, 
enabling reaction of the components leading to materials with distinct properties that may be applied in a wide 
range of applications. Many studies have been carried out using industrial wastes demonstrating the feasibility of 
this strategy [1-4]. It is also important to note that the European Commission identified the construction and demo-
lition wastes (CDW) as a priority waste flow for reuse, highlighting the obvious environmental benefits from their 
recuperation (Directive 2008/98/EC) [5,6]. These benefits include the consumption reducing of natural resources, 
minimizing the volume of wastes that will ultimately be landfilled and reducing greenhouse gas emissions [7-9]. 
Thus, this study seeks to evaluate fly ash produced by the paper industry (from energy production) as a source of 
aluminosilicates and the CDW as light aggregates, for sand replacement, in the development of geopolymeric mor-
tars. The studied variables were different CDW grain sizes, as sand alternative material, curing methods and alka-
line activator concentrations. For thegeopolymer mortar characterization chemical, morphological and mechanical 
analyzes were performed (XRF, SEM, XRD, EDS and compressive strength). The preliminary results show that 
the wastes may be used in the preparation of geopolymeric mortars, exhibiting interesting mechanical properties 
(around 15MPa for compressive strength for samples cured at ambient conditions).

[1] Komnitsas, K.; Zaharaki, D.; Vlachou, A.; Bartzas, G.; Galetakis, M. (2015). Effect of synthesis parameters on the quality of construction 
and demolition wastes (CDW) geopolymers. Adv Powder Technol. 26, 368-376.
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nol. 27, 1173-1179.
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COVALENTLY MODIFIED HALLOYSITE CLAY NANOTUBES: SMART 
NANOMATERIALS FOR DRUG DELIVERY APPLICATIONS
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Halloysite nanoclays (HNTs) are promising nanomaterials because of their versatile properties, such as hollow 
tubular morphology and tunable surface chemistry. HNTs are biocompatible, no toxic and abundantly available at 
low cost. Due to these characteristics HNTs are suitable for development of hybrid sustainable materials, which 
are perspective for polymeric matrices reinforcement, active food packaging and drug delivery. HNTs are quite 
polydisperse in size with a length of ca. 1 mm, while the external diameter and the lumen range between 50-80 
nm and 10-15 nm, respectively. Chemically, halloysite is composed of gibbsite octahedral sheet (Al-OH) groups 
on the inner surface and siloxane (Si−O−Si) groups on the external surface. This different chemistry allows the 
selective modification of HNTs surfaces. We performed several chemical functionalization of HNTs materials to 
confer properties valuable in specific applications.

The introduction of chemical modification of both surfaces (inner lumen and outer surface) is a relevant strategy 
to tune the nanotube properties. Namely, chemical modification of HNT surfaces allows to obtain nanoarchitecture 
with targeted affinity through outer surface functionalization and drug cargo ability from the nanotube lumen.

[1] Massaro M., Colletti C.G., Lazzara G., Guernelli S., Noto R., Riela S. (2017). Synthesis and Characterization of HNT-Cyclodextrin 
Nanosponges for Enhanced Dyes Adsorption. ACS Sustainable Chemistry and Engineering, DOI: 10.1021/acssuschemeng.6b03191.

[2] Massaro M., Riela S., Cavallaro G., Colletti C.G., Milioto S., Noto R., Lazzara G. (2016). Ecocompatible Halloysite/Cucurbit[8]uril 
Hybrid as Efficient Nanosponge for Pollutants Removal. ChemistrySelect, 1773-1779.

[3] Massaro M., Riela S., Baiamonte C., Blanco J.L.J., Giordano C., Lo Meo P., Milioto S., Noto R., Parisi F., Pizzolanti G., Lazzara G. 
(2016). Dual Drug-Loaded Halloysite Hybrid-Based Glycocluster for Sustained Release of Hydrophobic Molecules. RSC Advances. 
87935-87944.
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LENNARD-JONES CORRECTION FOR CONCENTRATION PROFILE 
CALCULATION IN POISSON-BOLTZMANN PROBLEMS
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The smectite group minerals are applied as buffer material in KBS-3 method for spent fuel final disposal, and 
therefore the behaviour of them must be predicted far into future. The formation of surface charge distribution 
and corresponding potential is among the most important properties of smectites, and has been much studied by 
different methods. In our study molecular dynamics results are tried to upscale.

There is a huge difference in concentration profiles at spatial range of ångströms near charged surfaces between 
two different computational approaches: molecular dynamics simulations and solving Poisson-Boltzmann equa-
tion for charged surface [1]. Using molecular dynamics the concentration profiles have local maximum values near 
the charged surfaces and is zero at the surface. In the solutions of Poisson-Boltzmann the local maximum values 
are at the surfaces. The main reason behind this phenomenon is that during derivation of Poisson-Boltzmann the 
radii of ions are assumed to be zero [2].

It is well-known that there are strong but short-range repulsive and attractive forces between atoms [3]. The cause 
of repulsive force is overlapping electron clouds of atoms. The cause of attractive part is induced dipoles. These 
forces can be combined into one potential function called Lennard-Jones potential [3]. These effects are not includ-
ed into Poisson-Boltzmann equation. 

Basic concept of Lennard-Jones corrected Poisson-Boltzmann equation is first to solve electrostatic potential from 
boundary value problem of Poisson-Boltzmann equation using e.g. FEM. Calculate Lennard-Jones potential for 
atom near system boundaries. Lennard-Jones potential and electrostatic potential form solution of Poisson-Boltz-
mann problem can be added into new potential function. This function can be used to calculate concentration 
profiles form Boltzmann distribution.

The results of Lennard-Jones corrected Poisson-Boltzmann equation show same kind of results than previous 
molecular dynamics simulations for slits between montmorillonite plates [1,4,5]. Using both methods there is one 
sharp pike in cation concentration profile in the middle of plates when width of the slit is small (<10 Å). When the 
width of the slit increases the pike splits into two. In the both solutions there is practically no anions inside the slid.

Main advantage of this new computational approach is its efficiency compared to molecular dynamics. The model 
is based on numerical solutions of boundary value problem of partial differential equation. There are plenty of ef-
ficient algorithms for these kind of problems available. Total computational time for solution is matter of minutes 
using normal laptop.

[1] Dufrêche J-F., Rottenberg B., Marry V., Turq P. (2010). Bridging molecular and continuous descriptions: the case of dynamics in clays. 
An. Acad. Bras. Ciênc. 82 no. 1.

[2] Ohshima H., (2006). Diffuse double layer equation for use in surface complexation models: approximations and limits. Interface Science 
and Technology 11, Surface Complexation Modelling, Elsevier.

[3] Jones J.E. (1924). On the Determination of Molecular Fields. Proc. R. Soc. Lond. A 106 (738): 463-477. 
[4] Zhou J., Boek E.S., Zhu J., Lu X., Sprik M., He H. (2015). Molecular Simulation Study of Hydrated Na-Rectorite. Langmuir 31, 2008-

2013.
[5] Duarte D., Salanne M., Rotenberg B., Bizeto M.A., Siqueira L.J.A. (2014). Structure of tetraalkylammonium ionic liquids in the interlayer 
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CLAY MODEL FOR DRUG ADSORPTION: STUDY OF THE INTERACTION 
OF CIPROFLOXACIN WITH LI-FLUORHECTORITE
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Clays are common ingredients in pharmaceutical products both as excipients and as active substances. The drug-
clay interactions could also be used to achieve technological and biopharmaceutical benefits, being the starting 
point to use these materials as drug delivery systems. Recently our research group has reported the possibility to 
intercalate ciprofloxacine into smectite clays [1]. The development of appropriate clay models allowing to simulate 
the interaction and intercalation of drugs into the clay interlayer spaces is a challenge nowadays. Here we focus on 
creating a model of Lithium-fluorhectorite clay (Li-FH) that could be used to simulate the intercalation process of 
ciprofloxacin and then, investigating the interactions associated to the system.

In this work, the structure of fluorohectorite (FH) was constructed starting from relevant crystallographic coordi-
nates [2]. Also, twelve water molecules were added in the interlayer space. After that, the interaction of an aqueous 
ciprofloxacin solution with the Li-FH model was studied. The results show that a strong interaction is established 
between the drug molecule and the clay, especially with the surface, although some molecules can penetrate in the 
interlayer region of the framework. The adsorption energy is around -30 kcal/mol. Importantly, we conclude that 
the interactions are established between the oxygen of the carboxilic group of the drug and the Li+ cation of the 
clay, and also between hydrogen from the drug and the oxygen of the Li-FH framework.

[1] Rivera A., Valdés L., Jiménez J., Pérez I., Lam A., Altshuler E., de Ménorval L.C., Fossum J.O., Hansen E.L., Rozynek Z. (2016). Smec-
tite as ciprofloxacin delivery system: Intercalation and temperature-controlled release properties. Applied Clay Science 150-156.

[2] Breu J., Seidl W., Senker J. (2004). Synthese von dreidimensional geordneten Einlagerungsverbindungen des Hectorits, Z. Anorg. Allg. 
Chem., 80-90.
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CUBAN ATTAPULGITE FOR THE DEVELOPMENT OF COSMETICS
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Since ancient times, clays have been used in cosmetic treatments due to the well-known benefits they provide 
to the skin [1]. Their low toxicity and many of their properties make these materials excellent candidates for 
the formulation of cosmetics [2,3]. Recently, in Cuba it has been discovered a new deposit of attapulgite, a rigid 
structure clay. Taking into account the properties of that clay and its current availability in the country, a study of 
its physical-chemical properties and technological characterization have been carried out. The results have shown 
the similarity of this mineral to its equivalents used in other countries, as follows from the specialized literature. 
Acute ophthalmic and dermatological tests were also performed, which indicated that the Cuban attapulgite has 
very low (or almost no) toxicity -an important asset for cosmetic preparations. In a preliminary study, a facial mask 
and a gel based on that clay material were formulated for cosmetic purposes. The outcome shows the appropriate 
technological properties and an exfoliation effect. The sensorial evaluation of both formulations was also carried 
out, with great acceptance by the consumers surveyed.

[1] Carretero M.I., Pozo M. (2010). Clay and non-clay minerals in the pharmaceutical and cosmetic industries Part II. Active ingredients. 
Applied Clay Science 171-181.

[2] Galan E. (1996). Properties and applications of palygorskite-sepiolite clays. Clay Minerals 443-453.
[3] López-Galindo A., Viseras C., Cerezo P. (2017). Compositional, technical and safety specifications of clays to be used as pharmaceutical 

and cosmetic products. Applied Clay Science 51-63.



Scientific Research Abstracts
Vol. 7, p. 647, 2017
ISSN 2464-9147 (Online)
XVI International Clay Conference | ICC 2017 | Granada, Spain
© Author(s) 2017. CC Attribution 3.0 License

BENTONITE AND VERMICULITE CLAYS AS PHOTOCATALYST FOR 
INDIVIDUAL AND SIMULTANEOUS PHOTOCATALYTIC DEGRADATION 
OF SULFAMETHOXAZOLE AND TRIMETHOPRIM IN AQUEOUS PHASE
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This study was aimed at evaluating bentonite and vermiculite clays as photoactive materials to degrade two an-
tibiotics widely prescribed: sulfamethoxazole (SMX) and trimethoprim (TMP), in the presence of UV and simu-
lated solar light radiation. Antibiotics are the most commonly used drugs for the treatment of infectious diseases. 
Sulfamethoxazole (SMX) and trimethoprim (TMP) have been identified as emerging contaminants, and both have 
been found in underground and superficial water resources, and in effluents of municipal wastewater treatment 
plants [1,2]. The use of clays as catalysts for the photo-Fenton process is a promising alternative for the treatment 
of aqueous effluents, because these minerals are abundant, cheap, stable, and friendly to the environment [3]. Ad-
ditionally, the structures of clays are very stable during the degradation process of pharmaceutics by oxidation that 
is an outstanding advantage for the AOPs. However, there are limited studies of the application of the chemical 
activity of the iron naturally contained in clays [4] and the photocatalytic characteristics of clays for the degrada-
tion of pollutants in aqueous solutions [5,6].

The physical and chemical properties of the clays were determined to comprehend better the photocatalytic prop-
erties of clays. The use of clays as photocatalysts can be a feasible alternative because they are non-toxic and show 
very good mechanical, thermal and chemical stability [6]. In this work, clays were characterized by various ana-
lytical techniques such as N2 physisorption, XRD, atomic absorption spectrometry, wavelength dispersive X-ray 
fluorescence (WDXRF) and diffuse reflectance spectroscopy. The band gap (Eg) of clays was determined and all 
values of Eg were <4 eV, revealing that clays could behave as semiconductor materials and, therefore, as photo-
active materials in the presence of UV radiation. This electronic characteristic was maintained over UV and UV/
H2O2 treatments. The addition of clay strongly increased the degradation rate of the antibiotics SMX and TMP in 
the systems UV/clay and UV/clay/H2O2. The most significant results were observed when vermiculite was added 
to the UV/H2O2 system, increasing 3.5 and 4.6 times the degradation rate constants for SMX and TMP, respective-
ly. Besides, the percentage of degradation of TMP was increased 32.8% in the same system. This behaviour can 
be attributed to the percentage of doping elements in the vermiculite. The activity of original clay was maintained 
throughout the photodegradation.

A reaction mechanism was proposed for the photocatalytic degradation of SMX and TMP in the presence of clays. 
The photodegradation takes place on the surface of the clay, either by the action of the species of iron, or doping 
elements, promoting a Fenton reaction. Additionally, the doping ions in the clay can promote the generation of e─/
h+ pairs, which results in the oxidation/reduction of the species present in water and increasing the production of 
HO● radicals in the medium. Thus, the clays are promising materials for the photodegradation of antibiotics.

[1] Andreozzi, R., Raffaele, M., Nicklas, P. (2003). Pharmaceuticals in STP effluents and their solar photodegradation in aquatic environment. 
Chemosphere 50, 1319-1330.

[2] Bueno, M.J.M., Gomez, M.J., Herrera, S., Hernando, M.D., Agüera, A., Fernández-Alba, A.R. (2012). Occurrence and persistence of 
organic emerging contaminants and priority pollutants in five sewage treatment plants of Spain: Two years pilot survey monitoring, En-
vironmental Pollution 164, 267-273.

[3] Hofstetter, T.B., Schwarzenbach, R.P., Haderlein, S.B. (2003). Reactivity of Fe(II) Species Associated with Clay Minerals, Environmental 
Science & Technology 37, 519-528.

[4] Purceno, A.D., Teixeira, A.P.C., Souza, A.B., Ardisson, J.D., de Mesquita, J.P., Lago, R.M. (2012). Ground vermiculite as catalyst for the 
Fenton reaction, Applied Clay Science 69, 87-92.

[5] Cheng, M., Song, W., Ma, W., Chen, C., Zhao, J., Lin, J., Zhu, H. (2008). Catalytic activity of iron species in layered clays for photodeg-
radation of organic dyes under visible irradiation, Applied Catalysis B: Environmental 77, 355-363.

[6] Jia, H., Zhao, J., Fan, X., Dilimulati, K., Wang, C. (2012). Photodegradation of phenanthrene on cation-modified clays under visible light, 
Applied Catalysis B: Environmental 123-124, 43-51.
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ARGILLIZATION AS PROXY TO Pb-Ag MINERALIZATION (BRAÇAL 
MINES, PORTUGAL)

FErnando rocha*, FErnando aLmEida, cristiana costa, cristina sEquEira, dEnisE tErroso

GeoBioTec, Department of Geosciences, University of Aveiro, Portugal 

Mineralized fault-veins containing sulphides rich in Pb and Ag occur at Braçal (Sever do Vouga, Aveiro, NW Por-
tugal) site where mining activities had taken place intermittently since the Roman periods up to the seventies of 
last century. Since then, mining activities have halted.

Schist is the dominant regional rock and belongs to the Proterozoic “Schist-Greywacke” complex. Ore is com-
posed of calcite, pyrite and galena, dispersed in a clayey dark and plastic matrix. Mineralized veins occur in dis-
continuous structures, tectonically controlled and hydrothermally affected. Mining reports show that ores higher 
concentrations occur generally on the intersection of veins, namely on those less affect by faults showing more 
developed argillization.

Mineralogy and geochemistry of this clayey matrix was characterized by X-ray Diffraction (XRD) and Fluores-
cence Spectroscopy (XRF); crystallochemistry of some selected samples was also studied by Scanning Electron 
Microscopy (SEM-EDAX).

Clay minerals associations are dominated by illite; however, in some places, a smectitic component is present in 
significant contents, and responsible for the high plasticity and absorbent capacity of the clayey material. Along 
mineralized veins, argillization shows peculiar mineralogical and geochemical features which are related both to 
the rate of hydrothermal and meteoric fluids circulation and to their activity. Close to the intersection of veins, 
namely on those more affected by faults showing more developed argillization due to fluids circulation, clay min-
erals association show an increase in expandable clay minerals, not only smectite (mainly montmorillonite-non-
tronite) but also illite-smectite, kaolinite-smectite and chorite-smectite. Geochemical data show that argillization 
development implies increase on Fe2O3, Na2O and loss on ignition. On these same sites, Ag, Pb, Zn, Cu and Ni 
show a generalized decrease in concentration.

The degree of argillization and, in particular, the increase on expandable clay minerals, can be considered as a 
negative proxy to the Pb-Ag mineralization.

Acknowledgments: the financial support of the research contract “UID/GEO/04035/2013” funded by the Portuguese Foundation for Science 
and Technology is gratefully acknowledged.
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STRUCTURAL CHARACTERIZATION OF THE REACTIVITY OF 
SMECTITE FROM BENTONITE ROCKS OF PORTUGAL

vanessa Guimarães (1,2), fernando roCHa (2)*, iuliu bobos (1)
(1) Instituto de Ciências da Terra - Porto, DGAOT, Faculdade de Ciências, Universidade do Porto. Rua do Campo Alegre 
687. 4169-007 Porto, Portugal, (2) Geobiotec. Departamento de Geociências da Universidade de Aveiro, Campo Universitário 
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Reactivity of the <2 µm smectite fractions (PS2, PS3 and BA1) collected from Porto Santo Island (Madeira Arch.) 
and Benavila (Portugal) was studied by X-ray diffraction (XRD) and infrared spectroscopy (IR) in extreme pH 
conditions using acid and alkalies at pH well defined. Previously, the structural behaviour of smectite was tested by 
samples solvation with K+, Na+, Ca2+ and Li+ (Green-Kelly test). The layer charge and charge distribution were also 
evaluated through the solvation properties of the expandable Li- and K-smectite samples in glycerol (GLY) and 
ethylene glycol (EG), respectively. Smectite BA1 is characterized by the presence of tetrahedral charge between 
0.23 and 0.38/O10(OH)2, with higher proportion of expanded layers, whereas smectite PS2 has a tetrahedral charge 
>0.38/O10(OH)2 with lower proportion of expanded layers to 16.5 Å. Smectite PS3 has a tetrahedral charges lower 
than 0.23/O10(OH)2. Two-water (2W) smectite (Ca-montmorillonite) interstratified with 1-water (1W) smectite 
(Na-montmorillonite) characterize the sample BA1. The Green-Kelly test confirms the presence of a beidellitic 
component (16.80 Å = beidellite) interstratified with 2W/1W-smectite (9.60 Å = 2W smectite) for sample BA1. 
The sample PS2 seems to have the same smectite layers as sample BA1, exception doing the presence of K-illite 
layers randomly interstratified with 2W/1W-smectite with beidellitic character. The smectite layers are of beidellit-
ic character with net layer charge in tetrahedral sheet as indicated by Greene-Kelly test. Sample PS 3 corresponds 
to a randomly interstratified structure of K-I/1W/2W-smectite (R=0; 80%S), where no beidellitic layers did occur. 
The <2 µm fractions of sample BA1 were chemical treated in acid and alkaline solution and then XRD run. The in-
tensity of the 001 peak decreased and expanded few Å in both acid (pH = 3.5) and alkaline (pH = 11) environment.

Structural changes observed were well evidenced by IR by changes of the Si-O stretching band and -OH -bending 
band. 
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ADVANCED DIAGENESIS - VERY LOW GRADE METAMORPHISM ON 
PROTEROZOIC SUPERGROUP DÚRICO-BEIRÃO, PORTUGAL

fernando roCHa*, jorGe medina, Cristiana Costa, rita bernardino, denise terroso

GeoBioTec, Department of Geosciences, University of Aveiro, Portugal 

Schist and Greywacke Complex known as “Complexo Xisto-Grauváquico” (and more recently as Supergroup 
Dúrico-Beirão) occupies a big area of the Central Iberian Zone in Portugal and includes the Beira and Douro 
Groups with Neoproterozoic to early Cambrian metasedimentary rocks.

In the study area, from where samples come from, situated at Caramulo-Buçaco region (central Portugal), on the 
basis of lithostratigraphic and structural criteria it is possible to identify four main units: a lower unit that compris-
es a succession of grey and black mudstones with sandstone intercalations (estimated thickness of 1000 m); second 
unit has an estimated thickness of around 1500 m and is predominantly composed by muddy material; third unit is 
less than 2000 m thick and is characterized by the presence of decametric sandstone layers with kilometric lateral 
extension separated by grey and black mudstones; upper unit has more than 500 m thick and is predominantly 
composed of muddy material interbedded with rare sandstone layers.

The sedimentary rocks (mudstones and sandstones) were affected by low grade regional metamorphism (green-
schist facies). The overall structure of the region was mainly produced during the Variscan Orogeny.

Mineralogy and geochemistry of the studied samples was characterized by X-ray Diffraction (XRD) and Fluores-
cence Spectroscopy (XRF); crystallochemistry of some selected samples was also studied by Scanning Electron 
Microscopy (SEM-EDX). Several parameters were assessed, namely: kaolinite illite ‘crystallinity’ Kubler Index, 
and b cell parameters of micas and chlorites; in this work, we have also made a simple qualitative estimate of the 
existence of illite polytypes by comparing the 1Md (112) and 2M1 (025) reflections.

Following the XRD and XRF studies, representative samples were selected for electron microscopy study on the 
basis of the KI values and the mineral assemblages. Carbon-coated slices were examined by SEM, using BSE 
imaging and energy-dispersive X-ray (EDX) analysis in order to obtain textural and chemical data. 

Studied samples show evidences of Advanced Diagenesis, a few reaching the Very Low Grade Metamorphism. 
Greywackes in general show minor evolution than shales and slates.

Acknowledgments: the financial support of the research contract “UID/GEO/04035/2013” funded by the Portuguese Foundation for Science 
and Technology is gratefully acknowledged.
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CATALYTIC ACTIVITY OF GREEN SYNTHESIZED β-FeOOH/KAOLINITE
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(1) Geobiotec, Geosciences Dept, University of Aveiro,3810-193 Aveiro, Aveiro 3910-193, Portugal, (2) Department of 
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The textile industry has gained more attention in the past few years as the demand on the market for clothes having 
a long-lasting colour increased, meaning that the used dyes need stronger oxidants agents in order to deteriorate 
the dye structure. This need is related to the molecular structure that contains complex aromatic amide groups with 
alkyl, halogen, nitro, hydroxyl, sulfonic acid, substituent(s), and inorganic sodium salts. By discharging the waste-
water containing untreated dye there will be major environmental problems as the effluent contains non-biodegrad-
able compounds, such as toxic substances, soaps and detergents, oil and grease and sulfide. In these conditions the 
treatment is necessary before the release into the environment. 

This study focused on the efficiency of the clay combined with green synthesized iron compounds used as catalyst 
in advanced oxidation process (Fenton and photo-Fenton) for removing organic pollutants from textile wastewa-
ter. Extracted antioxidants from coffee were used in order to obtain iron nanoparticles. The key active agents in 
synthesis are polyphenols. Coffee is known to contain polyphenols such as chlorogenic acids and melanoidins that 
act both as reducing and capping agent and have antioxidant properties. Also, the antioxidant capacity of coffee is 
related to the presence of both natural and formed compounds during the processing. In this case, the antioxidant 
inhibited the oxidation of iron cations, stop the loss of electrons and will make free radicals that will start the chain 
reaction. The antioxidants were extracted from coffee, mixed with FeCl3 solution and kaolinite in order to obtain 
stable β-FeOOH/kaolinite. 

The removal of methylene blue from aqueous solution was implemented by using photo-Fenton process involving 
two characteristic parameters: peroxide H2O2 and UV light. A series of batch experiments were conducted in order 
to determine the discoloration rate. The concentration of the dye in water was monitored using ultraviolet-visible 
(UV-VIS) spectroscopy. 

The first experiment of removal of methylene blue from an aqueous solution was carried out using β-FeOOH cata-
lyst alone. Varying the catalyst amount and maintaining the same concentration of the dye (10 ppm), an increase on 
removal rate was observed, achieving 100% removal with 0.005 g catalyst after 300 minutes. The second trial was 
performed using the same amount of β-FeOOH/kaolinite and the results illustrated that at a lower concentrations 
(below 10 ppm) better removal values were obtained (95% after 300 min). 
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CLAY MINERAL ASSEMBLAGES AS PROXIES FOR RECONSTRUCTING 
PALEOCLIMATE, PROVENANCE AND SEDIMENT TRANSPORT 
PATTERN IN THE ALBORAN SEA BASIN
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The study of clay mineral composition in marine sediments records from the Alboran Sea basin (westernmost 
Mediterranean) has provided a detailed evolution of the paleoclimate and paleoenvironmental conditions since 
the Last Glacial Maximum (LGM). Detrital clays derive from the southern Iberian riverine input and eolian dust 
pulses from the North African margin. Variations over this time period, the last 20 kyr, in clay mineral assemblages 
reflect climate conditions in the source area as well as fluctuations in provenance and transport mechanisms. In the 
western Mediterranean detrital mica, chlorite and smectite are mainly fluvial-derived minerals, whereas the major 
kaolinite input results from reworked wind-blown particles from western Morocco and northern Algeria.

A representative sediment record recovered in the East Alboran basin during the TTR-12 cruise (36’10.414N, 
2’45.280W, 1,840 mbsl) has been analyzed. The pelagic sediment record is composed by homogeneous 
green-brownish mud-clay with some shell fragments and foraminifera. The entire record of 402 cm length was 
sampled at very high-resolution, each 1.5 cm, obtaining a total of 267 samples. Clay mineral composition was 
obtained by X-ray diffraction (XRD), developing internal standard patterns for obtaining a precise quantitative 
analysis. Quantitative analysis was adjusted using the least squares method between each experimental diffracto-
gram and the best-weighted combination of the standard pattern, giving values <4% for clay mineral assemblages. 
Quantitative geochemical microanalysis of clay minerals was also determined by transmission electron microsco-
py (TEM).

Detrital clays in the analyzed record represent about 50-60% of the bulk mineral composition. Particularly, clay 
mineral assemblages are mostly composed of illite (42-56%) and lower proportions of smectites (18-31%), ka-
olinite and chlorite (both 8-14%), and minor amounts of palygorskite (4-7%). The occurrence and abundance of 
fibrous eolian-derived clay minerals was also observed by TEM, showing maximum proportions during arid and 
cold periods like from the end of the LGM to the Oldest Dryas (18.0-14.7 kyr cal. BP), and at the onset of the 
Younger Dryas (YD, 12.9 kyr cal. BP), as result of the intensification of Saharan dust export across the western 
Mediterranean. Subsequently, high abundances of palygorskite were observed during the early Holocene (11.6-
10.0 kyr cal. BP), mid-Holocene between 9.0-8.0 kyr cal. BP to increase again at 4.6 kyr cal. BP. In contrast, re-
duced contents of palygorskite and kaolinite clay mineral associations and major quantities of fluvial detrital clays 
represented by the illite + chlorite/kaolinite ratio are observed during warm and humid periods, involving higher 
rainfall and freshwater runoff such as at the Bölling-Alleröd period (B-A, 14.7-12.9 kyr cal. BP). In addition, the 
radiogenic isotopic signature in this marine record has mainly shown a dominant provenance of the detrital mate-
rial from present-day Morocco, Mali, Mauritania, Niger, and Algeria, mixed with material from southern Iberia, 
except during the last Heinrich event and the early-middle Holocene transition (ca. 8.9 kyr cal. BP) that showed a 
contribution of an older terrigenous component, likely Archaean material from the present Senegal region. Thus, 
variations in the abundance and presence of the clay mineral associations were mainly driven by fluctuations in 
wind intensity and fluvial discharges. These fluctuations have been associated with variations of the Westerlies and 
the North Atlantic Oscillation index as well as with northward/southward migrations of the Inter-Tropical Conver-
gence Zone over North Africa that influences western Mediterranean climate conditions.
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EVALUATION OF FIBROUS CLAY MINERALS FOR CO2 CAPTURE
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Global warming resulting from the emission of greenhouse gases has become a widespread concern in the last dec-
ades. This fact has led to the governments are regulating stringent legislations to diminish the anthropogenic CO2 
emissions. The most sustainable strategy to limit the CO2 emissions is the CO2 capture, storage or sequestration 
(CCS) [1]. Among all technologies for the CO2 capture, chemical absorption and adsorption are the most suitable 
ones for post-combustion power plants.

In CCS processes, CO2 capture is the most expensive step, between 50-90%, of the process cost. The major con-
cerns for this technology are associated to CO2 capture efficiency, adsorption rate, energy requirements in regen-
eration and volume of adsorbent [1]. Thus, it is necessary the development of inexpensive adsorbents to cheapen 
the cost of the CCS step. In this sense, clay minerals are very available and versatile materials that can be used as 
ion exchanger, absorbent or catalyst due to their physicochemical properties.

In this research, three commercial fibrous clay minerals, two sepiolites (Pangel and Pansil) and a paligorskite 
(Millclear), supplied by TOLSA S.A., have been tested to evaluate their potential in CO2 adsorption. The physico-
chemical properties of these fibrous clay minerals have been modified by acid treatment and milling. In addition, 
these materials have been functionalized with amine species to improve CO2 adsorption, mainly at lower pressure 
due to the synergetic effect of the molecular sieve of the adsorbent and the chemical interaction between the amine 
species and CO2 molecules. These procedures have been carried out by two methods: the incorporation of amine 
groups by grafting using 3-(triethoxysilyl)propylamine (APTES), or the impregnation of amine-rich polymers 
using polyethyleneimine (PEI) and tetraethylenepentamine (TEPA) as “basket molecules” [2].

CO2 adsorption-desorption isotherms at 25 ºC of the raw fibrous clay minerals

[1] Pera-Titus M. (2014). Porous Inorganic Membranes for CO2 Capture: Present and Prospects. Chem. Rev. 114, 1413-1492.
[2] Vilarrasa-García E., Cecilia J.A., Ortigosa-Moya E.M., Cavalcante Jr C.L., Azevedo D.C.S., Rodríguez-Castellón E.. (2015). Low cost 

pore expanded SBA-15 functionalized with amine groups applied to CO2 adsorption. Materials 8, 2495-2513.
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PEDOLOGICAL AND MINERALOGICAL INDICATORS OF SOIL 
EVOLUTION IN CARBONATED PARENT MATERIALS: A CASE STUDY IN 
ASTURIAS (NORTHERN SPAIN)
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In soil science, clay illuviation (or argilluviation) is the process of mobilization in suspension of silicate clay by the 
action of gravitational water, from an upper (eluvial) horizon to a lower (illuvial) horizon. Virtually all soil classifi-
cation systems recognize, at a high hierarchical level, the presence of subsurface horizons enriched in silicate clay. 
When clay illuviation is manifested with sufficient intensity at a given thickness of the soil, the so-called argillic 
horizon is assigned to a soil profile [1,2]. The definition of the argillic horizon is a practically common diagnostic 
criterion between the two universal soil classification systems: World Reference Base of Soil Resources [2] and 
USDA’s Soil Taxonomy [1]. The process of argilluviation requires, in geomorphological terms, a great stability 
of the slopes, as much against erosive as depositional processes. This implies a certain antiquity in the surfaces 
in which the argillic horizon is present. Thus, in similar climatic zones to those of the studied area, early illuvia-
tion features are usually visible from about 2000 years [3]. Furthermore, the developing of illuvial processes as 
required for the definition of argillic horizons is assumed to appear only in Pleistocene surfaces [3]. In particular, 
the abundance of kaolinite in temperate regions is assumed to be increasing with the antiquity of the soil, being 
expected that it generally takes much more than 10000 years to produce a soil containing pedogenic kaolinite as 
a major constituent [4]. 

The argillic horizon is widely represented in the temperate zones of the planet, being one of the most common 
types of diagnostic horizon in the European Atlantic region. However, in certain areas of this region, the argillic 
horizon is scarce. This is the case of the territory of Asturias (northern Spain), object of this work. From a total 
of 442 soil profiles studied in this territory, only 40 of them show argillic horizons. Such soil profiles show the 
highest degree of evolution in the territory (A/Bt/C as a general soil profile) and they are classified within Alfisols 
and Ultisols Orders as Soil Taxonomy [1]. Although these soils show significant and positive relationships with 
calcareous parent materials e.g. limestone or dolomites, they do not constitute the dominant soils in such materials 
[5]. This role corresponds to soils of lesser evolutionary degree (A/C or A/R soil profiles), included in the Mollisols 
Order and associated to less geomorphologically stable slopes. The mineralogical properties of the studied soils 
characterized by argillic horizons have shown remarkable differences with those included in the Mollisols Order, 
even when developed under equivalent climatic and lithological conditions. The observed differences in an initial 
phase of this work refer to the abundance of kaolinite, associated to goethite, in the argillic horizons compared 
to its absence in soils constituted by mollic horizons. Kaolinite is virtually absent in calcareous parent materials. 
Mollisols, on the other hand, show appreciable contents of calcite and feldspars that are in turn virtually absent 
in the argillic horizons. The presence of kaolinite can thus be related to the development of pedological features 
indicative of a high degree of soil evolution and, consequently, of the geomorphological stability of the slopes 
during long periods.

[1] Soil Survey Staff (2014). Keys to Soil Taxonomy, 12th ed. USDA-Natural Resources Conservation Service, 362 pp. Washington, DC.
[2] IUSS WORKING GROUP-WRB. (2014). World Reference Base for Soil Resources 2014. International soil classification system for 

naming soils and creating legends for soil maps. World Soil Resources Reports No. 106. FAO, 181 pp. Rome.
[3] Bockheim J.G. (2014). Soil Geography of the USA: A Diagnostic-Horizon Approach. Springer International Publishing, Ed., 320 pp. 

Switzerland.
[4] Dixon J.B. (1989). Kaolin and Serpentine Group Minerals. Chapter 10, In: Minerals in Soil Environments, 2nd Ed.Soil Science Society 

of America Book Series.
[5] Rodríguez-Rastrero, M. (2016). Los suelos de Asturias (España): un enfoque basado en las relaciones entre factores formadores y horizon-

tes de diagnóstico. PhD. Thesis. Universidad Autónoma de Madrid, Departamento de Geología y Geoquímica, 468 pp.
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UV PROTECTION USING SPHERICAL CLAY
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Because UV radiation of the sunlight is well known for acutely and chronically harmful effects on the human skin 
such as the sunburn, skin aging and skin cancer, various types of skin creams have been designed for the purpose 
of UV protection. Most of these creams contain two kinds of UV-protection compounds; organic and inorganic 
materials. The most commonly used inorganic materials are micronized TiO2 and ZnO2 particles, however, these 
non-natural substances in UV-protection creams are known to cause an unexpected photo-catalytic effect, which 
may be a serious problem because it takes place on the skin [1]. Therefore, natural materials including clays and 
clay minerals have received much attention as the formulating agent in the pharmaceutical and cosmetic products 
in order to reduce the direct contact of TiO2 particles to the human skin.

In this study, spherical clay powder has been developed by the way of spray drying the composite suspension of 
bentonite and TiO2. This spherical functional powder contains uniformly fine TiO2 particles both to the surface and 
inside of the bentonite powder. It will be discussed the physical characteristics, UV protect effect, and usability to 
cosmetics of this clay based functional powder.

[1] Hoang-Minh T., Le T.L., Kasbohm J., Giere R. (2010). UV-protection characteristics of some clays. Applied Clay Science, 349.
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LAYERED DOUBLE HYDROXIDE NANOPARTICLES FOR BIOMEDICAL 
APPLICATIONS
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Layered double hydroxides nanoparticles (LDH-NPs) present excellent properties to grant the complex function-
ality needed for biomedical applications. They can be easily prepared with a size between 50 and 200 nm and their 
anion exchange capacity provides a high loading capacity for acid drugs and biomolecules. Besides, they present 
release mechanisms based on the anion exchange with the anions in the biological media and the dissolution of 
their layers at slightly acid media [1]. Nevertheless, there are many aspects regarding the physicochemical proper-
ties of LDH-NPs and their interaction with the biological media that are still unclear to rationally design LDH-NPs 
with genuine potential to be applied in biomedical applications. 

A precise control of the LDH-NPs size is necessary to ensure their capacity to evade clearing by the mononuclear 
phagocyte system (MPS) and to optimize the transfection capacity of the cellular membrane [2]. Likewise, new 
strategies to surface functionalize LDH-NPs are required to increase their colloidal stability in biological media, 
and to provide site specificity. Another aspect to be addressed is the interaction between serum proteins and the 
surface of LDH-NPs that produces a biological coating known as protein corona. The protein corona determines 
the physicochemical properties of LDH-NPs and their interactions with the cellular membrane, which leads to 
a so-called “biological identity” that can be quite different to that of the as-prepared LDH-NPs. Controlling the 
biological identity of LDH-NPs is a key aspect to reduce elimination by the MPS and to optimize the interaction 
with the target cells.

Here we present diverse strategies to control the physicochemical properties and biological interactions of LDH-
NPs. In first place, different synthesis routes were explored to intercalate anions such as methotrexate, fluorescein 
or nalixidate, the best results being obtained with a coprecipitation method at variable pH involving separate nu-
cleation and aging steps [3]. Secondly, different compounds were used to functionalize the synthesized LDH-NPs: 
risedronate, a bone antiresorptive drug with high affinity for hydroxyapatite, was used to provide bone targeting 
capabilities, while polylelectrolytes were explored to enhance their colloidal stability. Finally, the interaction be-
tween albumin and LDH-NPs was studied as a first insight to the protein corona formation mechanism and its 
effect on the physicochemical properties of LDH-NPs. Afterwards, the biological identity of LDH-NPs and its 
modulation by the surface coating with serum proteins was explored in cell culture conditions. The cytotoxicity 
and transfection capacity of the prepared LDH-NPs were tested in adequate model cell lines.

The use of different synthetic strategies and a careful selection of the operational parameters allowed the synthe-
sis of LDH-NPs with different interlayer anions. In all cases, the drug was selectively located in the interlayer of 
the LDH-NPs, which allowed their surface functionalization with a minor drug loss. The functionalization with 
either risedronate and polyacrylate increased the colloidal stability of LDH-NPs even in high ionic strength due 
to electrostatic repulsion and/or steric impediments. Further, risedronate functionalized LDH-NPs attached to hy-
droxyapatite due to risedronate bridging. A protein corona was formed on the LDH-NPs surface in all cases upon 
interaction with serum proteins; albumin was its main component in all cases. The extent of the protein adsorption, 
as well as the components of the protein corona were affected by functionalization, which ultimately affected the 
unspecific cell transfection of LDH-NPs. These studies clearly show the potential of rationally and thoroughly 
designed LDH-NPs to produce drug delivery to specific tissues and cells.

[1] R. Rojas, D. Aristizabal Bedoya, C. Vasti, C.E. Giacomelli (2015). LDH nanoparticles: Synthesis, Size Control and Applications in Nano-
medicine, in: I.T. Sherman (Ed.), Layer. Double Hydroxides, Nova Press, New York, pp. 101-120.

[2] C. Vasti, D.A. Bedoya, R. Rojas, C.E. Giacomelli (2016). Effect of the protein corona on the colloidal stability and reactivity of LDH-
based nanocarriers. J. Mater. Chem. B. 4, 2008-2016. doi:10.1039/C5TB02698A.

[3] C. Vasti, V. Pfaffen, E. Ambroggio, M.R. Galiano, R. Rojas, C.E. Giacomelli (2017). A systematic approach to the synthesis of LDH 
nanoparticles by response surface methodology. Appl. Clay Sci. 137, 151-159. doi:10.1016/j.clay.2016.12.023.
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The complexity of the coupled THM-C processes associated with gas transport in compacted bentonite gives rise 
to multiple interacting phenomena, which seem difficult to simulate by numerical models even though they are 
of potential significance for the long-term safety of engineered and geological barriers for underground disposal 
of radioactive wastes. Within this context, the present contribution aims at presenting experimental data under 
well-controlled conditions on the gas transport behaviour of compacted bentonite to complement existing capabil-
ities of the modelling tools, as well as to allow the development of new modelling approaches.

The gas transport processes in compacted bentonite is affected by a number of factors, such as the dry density, 
the pore size distribution and their connectivity, the heterogeneous distribution of porosity, the saturation state, 
the stress state, the deformation undergone during gas injection and dissipation, and the gas injection regime (fast 
and slow injection rates). Therefore, an extensive experimental program using reproducible sample preparation 
methods has been started on compacted MX-80 bentonite (dry density 1.55 Mg/m3) to study the influence of some 
of these aspects on air injection. Controlled volume-rate air injection (0.04 and ≥2 mL/min) followed by shut-off 
and dissipation stages have been performed under oedometer conditions, which have been focused on the volume 
change response and the changes in the pore and pathway network. Mercury intrusion porosimetry results have 
allowed detecting preferential pathways after gas injection / dissipation tests. The opening of these pressure-de-
pendent pathways plays a major role on gas permeability. A complementary insight into the connectivity of these 
pathways has been quantified by micro-computed tomography. Results have been used to estimate degree of satu-
ration changes on gas injection due to the desaturation of the connected pathways.

In addition, numerical simulations of a test is presented as a first attempt to better understand the air transport 
process. This simulation has been carried out with a coupled HM model using 2D axi-symmetric finite elements 
with CODE_BRIGHT, in which stress dependent (dilatant) embedded pathways have been considered (Olivella & 
Alonso 2008; Gonzalez-Blanco et al. 2016). The model handles the combined phenomena of two-phase flow (gas 
and liquid), the aperture of discrete pathways to account for permeability and capillary pressure variations, as well 
as the sample volume changes along the air pressurisation and dissipation processes. Three zones with different 
material properties have been considered: a) central zone of pathway development; b) bentonite matrix; and c) 
upstream and downstream reservoirs to capture density of the pressurised air mass. The numerical results have 
allowed reproducing upstream / downstream pressures, outflow volume and bentonite volume changes accurately. 
The combination of experimental results and numerical simulations have also provided a good insight into the role 
of the volume change response and pathway development on the gas transport properties of compacted bentonites, 
confirming that pathway development and aperture occurs during gas injection that later affects the response dur-
ing the dissipation stage.

[1] Olivella S., Alonso E.E. (2008). Gas flow through clay barriers. Géotechnique, 58(3): 157-176.
[2] Gonzalez-Blanco L., Romero E., Jommi C., Li X., Sillen X. (2016). Gas migration in a Cenozoic clay: Experimental results and numerical 

modelling. Geomechanics for Energy and the Environment, 6: 81-100.
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A novel method to visualise the transport of bacterial colloids through porous media in the presence of uranium 
has been developed. A flow cell packed with sandstone as representative of sub-surface geological media was 
saturated using Acinetobacter baylyi ADP1 (ADP1), on a free phosphate growth medium. The visualisation of 
the bacteria plume was achieved by staining the cells using fluorescein and monitoring their transport through 
the flow chamber when irradiated with fluorescent light. Time-Lapse Fluorescence Imaging (TFLI) was used to 
monitor the transport of the stained cells at different pH conditions and U(VI)(aq) concentration. The amount of cell 
biomass and concentration of uranium was quantified at the outlet of the flow cell. The rate of cell transport was 
modelled by fitting breakthrough curves. It was shown that when uranium is adsorbed to ADP1, the mobility of 
U(VI) is increased. The breakthrough curve for free uranium peaked at pore volume 1.77, while the complexed 
ADP1-U(VI) peak occurred at pore volume 1.28 and 1.36 at pH 7 and pH 5 respectively. The findings suggest 
that bacteria-uranium complexes may travel faster through geological media than free uranyl ion, increasing the 
mobility of this radionuclide in the subsurface.
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The protection of the water resource is among the major issues of the twenty-first century due to the growing of 
population, the rapid industrialization and the intensification of agriculture. Among the various pollutants that 
threaten the water quality, orthophosphate anions (PO4) are of upmost importance since the excess of PO4 is 
mainly responsible of the water eutrophication phenomena. It leads to strong perturbation of the biodiversity and 
important economic losses, e.g. closing of fisheries and groundwater production wells. For eliminating PO4 from 
water in rural areas, there is a growing interest for PO4 passive water treatment that needs low energy and little 
maintenance. Therefore, new filtration materials should be designed and layered double hydroxides (LDH) are 
promising constituents for this purpose since they are able to catch phosphate in water by several mechanisms such 
as adsorption, anionic exchange and dissolution-precipitation [1]. 

In this study, CaIIFeIII LDH intercalated with chloride ions was synthesized by co-precipitation of CaII and FeIII 
species using variable initial CaII:FeIII ratios in the initial solution (2:1, 3:1 and 4:1). The samples were used for 
the removal PO4 in both homogeneous suspensions (“batch reactors”) and in hydrodynamic conditions (“column 
reactors”). LDHs materials were characterized by means of X-ray diffraction and infrared, Raman, X-ray photo-
electron and 57Fe Mössbauer spectroscopies.

The isotherms of adsorption of phosphate ions showed that CaFe-LDH prepared at CaII: FeIII molar ratio of 2:1 
revealed the highest rate of uptake. Equilibrium data were well fitted with Freundlich or Langmuir isotherms and 
led to a maximal removal capacity qe

Max of ~ 385 mg PO4 g
-1 LDH. This value is about 3-5 times higher than the 

value measured for ferrihydrite (Fh) which was determined to be a very efficient adsorbent for phosphate [2] (~ 
40 mg PO4/g ≤ qe

Max ≤ ~ 105 mg PO4/g). In the case of high initial phosphate concentration ([PO4
3-] ≥ 100 mg/L), 

CaFe-LDH is dissolved and released Ca2+ ions reacting with PO4 to precipitate as hydroxyapatite. This was iden-
tified to be the main PO4 removal mechanism (~ 75% of total removal). The excess of phosphate removal (~ 25%) 
was attributed to the formation of disordered calcium doped Fe oxyhydroxide (Ca-FeOOH). Ca-FeOOH removed 
phosphate via a simple surface adsorption mechanism. In the case of lower initial phosphate concentration ([PO4] 
<100 mg L-1), PO4

 was mainly removed by surface adsorption and the formation of hydroxyapatite was not clearly 
observed. 

CaFe-LDH coated pozzolana (Pz), a volcanic rock of Puy de Dome (Auvergne, France) was prepared for the ex-
periments performed in the column reactor. The PO4 breakthrough occurred at a V: Vp of ~ 180 (V: volume of PO4 
solution, Vp: porous volume of the column). This value was significantly higher than the one observed previously 
for ferrihydrite coated Pz in similar experimental conditions. However, the drawbacks of using Ca2Fe-LDH-Cl as 
a filtration material were the strong alkalinity and the high solubility of Ca in the outflow of the column. Such a 
high pH is not acceptable for water treatment application (pH should be lower than 9) and soluble Ca can easily 
precipitate to form CaCO3 inducing a significant increase of the water turbidity.

[1] Goh, K.H., Lim, T.T., Dong, Z. (2008). Application of layered double hydroxides for removal of oxyanions: A review. Water Research. 
42, 1343-1368.

[2] Mallet M., Barthélémy K., Ruby C., Renard A., Naille, S. (2013). Investigation of phosphate adsorption onto ferrihydrite by X-ray Pho-
toelectron Spectroscopy, Journal of Colloid and Interface Science 407, 95-101. 
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Nowadays, the storage of materials contaminated with radionuclides is becoming a global environmental problem. 
Deep geological repositories (DGR) consisting on the encapsulation of radioactive wastes in metal containers 
surrounded by natural and artificial barriers like bentonite clay formations have been proposed as one of the best 
options for their disposal in the near future. Bentonite clays from the Cabo de Gata Natural Park (Almería, Spain) 
have been selected for their possible use as an engineered barrier in DGR because of their well-characterized 
mineralogical and geochemical properties [1]. Several studies evidenced the occurrence and high diversity of 
microorganisms present in bentonite clay formations that may play an important role in corrosion of container and 
mobility of radionuclides through the repositories [2]. 

The main objective of the present work is to study the effect of microorganisms isolated from bentonites collected 
from Cabo de Gata on the speciation of elements like selenium (Se) and europium (Eu) under alkaline conditions 
relevant for intermediate level wastes. The speciation of metals determines their transport and migration behaviour 
in the environment. Selenium is a common component of radioactive wastes produced by nuclear industry [3], 
while europium is an inactive analogue for trivalent actinides (e.g. Cm(III) and Am(III)) also present in nuclear 
wastes. The isolate Stenotrophomonas bentonitica BII-R7 [4] showed the ability to reduce selenite [Se(IV)] to less 
toxic forms [Se(0)] using alkaline (pH 10) conditions under oxic and anoxic atmosphere. The biogenic selenium 
produced was accumulated extracellular and intracellularly in form of hexagonal crystalline and amorphous nano-
particles (30-200 nm) as revealed by Scanning-Transmission Electron Microscopy (STEM) and X-ray diffraction 
(XRD). On the other hand, S. bentonitica is also able to interact with Eu(III) mainly by a biosorption process 
under both aerobic and anaerobic conditions as indicated by STEM, Time-Resolved Laser-induced Fluorescence 
Spectroscopy (TRLFS) and kinetic studies. TRLFS suggested that most likely phosphoryl and carboxyl containing 
groups located at the bacterial cell envelope dominated the Eu(III) speciation. In addition indications were found 
for Eu(III) interactions with cell-released substances.

The results obtained in the present work will provide new insights on the significance of aerobic/anaerobic micro-
bial processes in the safe geological disposal of alkaline, intermediate level wastes. 

Acknowledgements: this project has received funding from the Euroatom research and training program 2014-2018 under Grant Agreement no. 
661880. Part of the work was performed at the Institute of Resource Ecology of the HZDR (Helmholtz-Zentrum Dresden-Rossendorf) located 
in Dresden (Germany).

Keywords: bentonite, stenotrophomonas bentonitica, repository, selenium, europium.

[1] Villar M.V., Pérez del Villar L., Martín P.L., Pelayo M., Fernández A.M., Garralón A., Cuevas J., Leguey S., Caballero E., Huertas F.J., 
Jiménez de Cisneros C., Linares J., Reyes E., Delgado A., Fernández-Soler J.M. and Astudillo J. (2006). The study of Spanish clays for 
their use as sealing materials in nuclear waste repositories: 20 years of progress. J Iber Geol. 32: 15-36.

[2] Lopez-Fernandez M., Fernandez-Sanfrancisco O., Moreno-Garcia A., Martin-Sanchez I., Sanchez-Castro I. and Merroun M.L. (2014) 
Microbial communities in bentonite formations and their interactions with uranium. Appl Geochem 49, 77-86.

[3] Breynaert E., Scheinost A.C., Dom D., Rossberg A., Vancluysen J., Gobechiya E., Kirschhock C. and Maes A. (2010). Reduction of Se 
(IV) in Boom Clay : XAS Solid Phase Speciation. Environ Sci Technol. 44, 6649-6655.

[4] Sanchez-Castro I., Ruiz-Fresneda M.A., Bakkali M., Kämpfer P., Busse H.J., Lopez-Fernandez M., Martinez-Rodriguez P. and Merroun 
M.L. (2017). Stenotrophomonas bentonitica sp. nov., isolated from bentonite formations. Int J Syst Evol Microbiol [in revision].
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SPONTANEOUS SELF ORGANIZATION OF A CHARGED COLLOIDAL 
CLAY: FROM LIQUID PHASE TO ARRESTED STATES
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One of the most striking features of soft matter systems is their ageing behaviour: the dynamics is not stationary 
but spontaneously changes with waiting time as the sample evolves from a liquid phase towards an arrested state 
(gel and/or glass). Ageing dynamics and dynamical arrest in colloidal systems have recently become the subject of 
intense research activity also because of their theoretical and technological implications. Several mechanisms of 
dynamical arrest have been identified, even if few real systems are suitable for use as experimental counterparts. 

However recent advances in the study of soft materials have led to the discovery of new phases and states besides 
the ones commonly experienced in atomic or molecular systems. Among these colloidal clays have emerged as 
suitable candidates to investigate the formation of multiple arrested states. 

In this presentation we show the results obtained on dilute aqueous dispersions of Laponite®, an industrial syn-
thetic clay that dispersed in water originates a charged colloidal system of nanometer-sized discotic platelets with 
inhomogeneous charge distribution and directional interactions. The presence of competing attractive and repul-
sive terms in the interactions, combined with the directionality of the face-rim charge interactions and with the 
anisotropic shape of Laponite, determine a nontrivial aging dynamics towards multiple arrested states. Therefore 
the system spontaneously evolves with waiting time from a liquid phase with low viscosity to an arrested gel and/
or glass state. In particular two different disordered arrested states of gel and glass have been obtained respectively 
for low (Cw <2.0%) and high (Cw ≥2.0%) clay concentrations in salt free water conditions.

The arrested state at low concentration is governed by attractive interactions and through DLS and SAXS exper-
iments, supported by numerical simulations, we have found the first experimental evidence of empty liquid and 
equilibrium gel [1], new concepts formulated for patchy colloids [2] of different shapes, patterns and functional-
ities.

On the other side the comparison between DLS, dilution and SAXS experiments and theoretical and numerical 
results have permitted to individuate a high concentration (Cw ≥2.0%) Wigner glass [3] state, i.e. an arrested state 
formed by disconnected particles or clusters and stabilized by the electrostatic repulsion. Moreover more recently 
we have found, through SAXS, XPCS, rheology and numerical experiments, that the attractive interactions are 
playing a role also in this case and that even in the glassy state the interactions among the colloidal particles are 
still evolving with waiting time, originating an interesting dichotomic behaviour [4] and a spontaneous glass-glass 
transition [5]. Two different glassy states are distinguished with increasing waiting time: the system spontaneously 
evolves from a first glass, dominated by long-range screened Coulombic repulsion (Wigner glass) to a second one, 
stabilized by orientational attractions (Disconnected House of Cards glass), occurring after a much longer time.

[1] Ruzicka B., Zaccarelli E., Zulian L., Angelini R., Sztucki M., Moussaïd A., Narayanan T., Sciortino F. (2011). Observation of empty 
liquids and equilibrium gels in a colloidal clay. Nature Materials 10, 56.

[2] Bianchi E., Largo J., Tartaglia P., Zaccarelli E., Sciortino F. (2006). Phase diagram of patchy colloids: towards empty liquids. Phys. Rev. 
Lett. 97, 168301.

[3] Ruzicka B., Zulian L., Zaccarelli E., Angelini R., Sztucki M., Moussaïd A., Ruocco G. (2010). Competing Interactions in Arrested States 
of Colloidal Clays. Phys. Rev. Lett. 104, 085701.

[4] Angelini R., Zulian L., Fluerasu A., Madsen A., Ruocco G., Ruzicka B (2013). Dichotomic Aging Behaviour in a Colloidal Glass Soft 
Matter 9, 10955.

[5] Angelini R., Zaccarelli E., de Melo Marques F. A., Sztucki M., Fluerasu A., Ruocco G., Ruzicka B. (2014). Glass-glass transition during 
aging of a colloidal clay. Nature Communications 5, 4049.
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AND CHEMISTRY IN LOWLAND TROPICAL VOLCANIC ARC 
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The two main controls on soil composition in the moist tropics are age and climate factors that influence soil mois-
ture and leaching. This is well-exemplified in chronosequences of Holocene to Late Pleistocene uplifted marine 
terraces, where the effects of time cause alteration of early-stage smectite (ferruginous beidellite) to kaolinite via 
intermediate interstratified phases (e.g. kaolinite-smectite [K-S]) and halloysite. Cation exchange capacity (CEC) 
is initially high in smectites from young soil (< 8 ka), thendecreases along with loss of layer charge as 2:1 layers 
are altered to 1:1 layers. Rates have been quantified from a study of three chronosequences (1 ka to 120 ka) of 
uplifted marine terrace soils on the Pacific coast of Costa Rica. The study locations differ mainly as a function 
of mean annual precipitation (MAP), ranging from relatively dry (2700 mm/yr, 4 months with < 60 mm rainfall, 
southern Nicoya Peninsula), to intermediate (3200 mm/yr, 3 months with < 60 mm rainfall, central Pacific Ester-
illos region), and wet (4250 mm/yr, no months with < 60 mm rainfall, Osa Peninsula). Mean annual temperature 
(1961-1990) is 25-27 oC for each chronosequence. Samples of A and B horizons were analyzed for clay mineralo-
gy, CEC, effective CEC (ECEC), bulk mineralogy and chemistry using XRD, FTIR, TEM-AEM and ammonium 
acetate extraction (1 M NH4OAc, pH=7). Results show that CEC of the clay fraction decreases with increasing soil 
age, from Holocene soils with pedogenic smectite (CEC 48 to 90 cmolc/kg) to intermediate-stage interstratified 
K-S (CEC 18 to 45 cmolc/kg) and, finally, to Late Pleistocene halloysite and kaolinite (CEC 2 to 18 cmolc/kg). 
This mineralogical transition is driven by the leaching of base cations and Si from soil. 

Soil weathering reactions and the corresponding drop in CEC occur at a rate at three-to-four times greater in the 
Inceptisol-Oxisol sequence in the wettest climate (Osa) compared to the drier Esterillos area; in the even drier 
monsoon climate soils (Nicoya,), this evolved, low-CEC (< 10 cmolc/kg) state does not occur, even after 120 
ka of soil formation, and rate is approximately five to ten times slower than at Osa. The dominant exchangeable 
cation at all sites is Ca. Interlayer K and Al increase relative to Ca over time, resulting in interstratified K-S with 
smectite layers that become progressively more vermiculite-like and illite-like. The age-related evolution of these 
moist tropical soils appears to be a predictable sequence in lowland tropical landscapes where periodic tectonism, 
erosion or volcanism produces unweathered parent material at the land surface. Empirical data from this project 
has enabled the extrapolation of simple equations that can be tested in tropical arc volcanic landscapes where 
presence of uplifted marine terrace soils facilitates determination of soil age. The two variables controlling soil 
composition can be combined into an effective age (age[eff]) that takes into account soil age and weathering 
intensity (factoring in MAP and wet-dry months from climate data), and equations are of the form, e.g. ECEC = 
-18.1*ln(age[eff])+77, with an R2 value of 0.87. Greatest scatter occurs in the youngest soils. Given the apparent 
prevalence of this sequence and the systematic nature of its reaction progression, these results could be useful for 
modeling tropical soils. 

Acknowledgements: this project was supported by funding from NSF (EAR-1226494), Junta de Andalucía Group RNM-264and MINECO 
(CGL2011-22567) with contributions of FEDER funds.
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The need for water is increasing in the last decades due to the increase in population and uses. It is obvious that 
freshwater resources will not be able to meet all requirements and water should not be considered a self-renewable, 
low cost resource. Thus, the needs for increased amount of water imply adopting several approaches that include 
(a) intercepting, diverting, storing and transferring water, (b) desalination, (c) water re-use [2]. In all three ap-
proaches removal of turbidity and total suspended solids (TSS) is a crucial step, as one of the essential parameters 
limiting water quality.
The lecture will summarize a series of studies based on the use of clay-polymer nanocomposites, alone or com-
bined with bridging agents for the clarification of water [1-3]. In the case of potable water the process was tested 
for removal of algae, microbes and other suspended material in surface water, and for the clarification or sea water 
before desalination. In the water treatment context clay-polymer nanocomposites were used for the clarification 
of saline industrial effluents, and are commercially in use for almost complete removal of turbidity and suspended 
solids in several industrial very turbid effluents as dairy industry, wineries, fruit packaging, etc.
Very effective clarification yielding reduction of more than 95% of the turbidity and the suspended solids in several 
is achieved, with very low sensitivity for conditions: clarification was tested in the range of pH between 3-11, and 
in temperatures between 5-45 °C, exhibiting efficient results. In some cases even deactivation of microorganisms 
is observed, even though further research is required to ensure that indeed such treatment could offer an environ-
mentally oriented alternative to chlorination. 
The rational beyond the invention is that colloidal suspensions remain stable due to the small size (<2 µm), the 
charge and the density of the colloids. By preparing nanoparticles based on an anchoring denser core (as a clay 
mineral) to which chains of a polyelectrolyte with charge that opposes the colloidal charges, induces fast forma-
tion of neutralized flocs. In such a way all three colloidal stability factors (size, charge and density) are addressed 
achieving very fast clarification. The size of the flocs might be further increased by the addition of a bridging agent 
(polymer or low charge nanocomposite), or combining two different polymers bound to the same clay particle, 
enmeshing several flocs together to very large aggregates. In all cases clarification is obtained in seconds by the 
formation of 20-500 µm flocs, and their further separation by sedimentation or filtration. 
Addition of polymers and clay minerals simultaneously for the treatment of potable water was reported in previ-
ous studies. However, the a-priori preparation of the nanocomposites and its “aging” for several hours is required 
to obtain 95-99% turbidity removal in very turbid streams and effluents. A-priori preparation of nanocomposites 
based on montmorillonite or sepiolite and different cationic polymers as poly-DADMAC or chitosan was present-
ed previously in several studies, however in all those studies the role of the nanocomposite was specific adsorption 
of a dissolved pollutant and not the removal of suspended colloids or turbidity.
The good performance observed in a broad range of applications [4,5] is presumably due to the broad versatility 
that stem from the use of different polymers and clays, and even different clay-polymer rations yielding a wide 
range of charges. Even though the general rational of the effectivity seems to be explained, and it is ascribed to 
neutralization accompanied by the formation of large flocs containing a denser anchoring particle, not all the pro-
cesses are fully understood. For example, sea water requires the use of completely different nanocomposites than 
industrial non-saline effluents. Thus, additional research is needed to elucidate the influence of those clay-polymer 
compounds in different water sources.

[1] Rytwo, G. (2017). Hybrid clay-polymer nanocomposites for the clarification of water and effluents, Recent Patents in Nanotechnology, 
in press.

[2] Rytwo, G. (2017). US Patent No. 9,546,102, on “Method for Pretreatment of Wastewater and Recreational Water with Nanocomposites”, 
Granted Jan. 17, 2017.

[3] Rytwo, G. (2016). PCT/IL2016/050700, “Methods for Production of Potable Water” filed 29th June, 2016.
[4] Rytwo G., Lavi R., Rytwo Y., Monchase H., Dultz S., König T.N. (2013). Clarification of olive mill and winery wastewater by means of 

clay-polymer nanocomposites. Sci Total Environ., 442:134-42
[5] Litaor I., Meir-Dinar N., Castro B., Azaizeh H., Rytwo G., Levi N., Levi M. (2015). Treatment of Winery Wastewater with Aerated Cells 

Mobile System. Environmental Nanotechnology, Monitoring and Management, 4: 19-26.
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MOLECULAR MODELING CALCULATIONS OF SULFONAMIDES 
ADSORPTION ON PHYLLOSILICATE SURFACES
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(1) Instituto Andaluz de Ciencias de la Tierra, CSIC-UGR. Av. de las Palmeras 4, 18100 Armilla, Granada, Spain, (2) Instituto 
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Sulfamides belong to a great group of antibiotics used for human therapeutics and farm livestock during decades. 
This intensive use has generated an important environmental risk due to the presence of these compounds in waste-
waters and soils close to worldwide farm industries. The molecular structure and physico-chemical properties of 
these molecules are interesting for evaluating the molecular interactions with surfaces of clay minerals. These 
interactions are important to know the mobility of these compounds through soils and to design new nanomaterials 
for drug delivery. 

The molecular structure and conformational analysis of the sulfonamides, sulfamethoxypyridazine and sulfameth-
oxydiazine, as models of sulfonamides, have been studied. These compounds are widely used in therapeutics 
and represent two families of sulfonamides, sulfonamido-pyrimidines and sulfonamido-pyridazine. This work has 
been performed by means of quantum mechanical calculations and force fields based on empirical interatomic po-
tentials calculations. All conformers present in the crystal structures of polymorphs of these compounds have been 
explored at different theoretical levels even at MP2/6-311G** and M06-2X/6-311+G** levels. The adsorption of 
these drugs on a phyllosilicate surface of (001) plane has been investigated exploring different orientations of the 
molecules. In all cases explored exothermic processes were obtained for both sulphonamides on the pyrophyllite 
(001) surface [1]. This result supports the possible application of phyllosilicate as nanocarriers for controlled de-
livery of drugs.

Acknowledgments: Authors are thankful to the Andalusian project RNM1897 and the Spanish MINECO projects 
(FIS2013-48444-C2-2P).
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Flocculation is a key process in numerous environmental and industrial technologies [1]. Its optimization relies 
on understanding the formation and structure of the aggregates forms. There is a clear need to extend the study of 
flocculation from spherical colloids to anisotropic particles such as the ubiquitous clay colloids (platelets).

We study clay flocculation by ionenes, model cationic polyelectrolytes with a regular charge density, which can be 
tuned to match/mismatch the clay charge density. We posses extensive knowledge of ionene behaviour in aqueous 
solutions from SANS and NMR studies [2,3]. Also, we have demonstrated the importance of small angle X-ray 
scattering (SAXS) in the study of clay flocculation by salts [4,5]. Ionene chains add necessarily complexity to the 
system, as different conformations on/between the platelets are possible. Moreover, we may expect secondary 
effects, such as ions-specific effects, to play an interesting role in flocculation of clay-ionene mixtures [2,3,5]. In 
this study, negative particles used are montmorillonite clays of three different particles sizes.

We suspected that optimal flocculation condition would vary with the charge density of polyelectrolyte and we 
indeed demonstrated this combining turbidity measurements and zetametry. The linear charge density of available 
ionenes spanned a range both below and above the average charge separation on the clay particles. For all systems 
studied (with the exception of the most highly charge ionenes) the onset of optimal flocculation is accompanied by 
a charge neutralisation of the aggregates, as seen from zetametry. This at first sight indicates a charge neutralisa-
tion mechanism responsible for flocculation. However, on our well-defined model system, we see that the onset of 
optimal flocculation occurs consistently at a ratio of positive and negative charge between ionenes and clay (c+/c-) 
smaller than 1 (between 0.3-0.8). The aggregates formed are thus highly ionene deficient. Total Organic Carbon 
measurements confirm that all available ionene is absorbed onto the clay surfaces up to c+/c- ratios significantly 
higher than the onset of optimal flocculation. In view of these findings we discuss the possible flocculation mech-
anisms and comment upon the significance of zeta potential measurements and its limits in these systems. 

To better understand the structure of clay-ionene aggregates, SAXS measurements were performed. For many of 
our systems, we observed a correlation peak indicating regular face-to-face stacking of clay particles. This opposes 
the edge-to-face configuration characteristic of the “house-of-cards” model of clay aggregation [6]. We found that 
the lower the charge density of ionenes, the higher the interlamellar spacing. Indeed, in our system we suppose 
thatrod-like structure is observed for the most charged polyelectrolyte whereas loops and tails should be observed 
for low charge density ionenes and could explain why the interlamellar spacing is higher. These findings will be 
complemented by our first results of small angle neutron scattering (SANS)under the Zero Average Contrast con-
dition. These allow to match the signal of the clay platelets and thus highlight information about the conformation 
of ionenes inside the aggregates.

[1] Bolto B., Gregory J. (2007). Organic polyelectrolytes in water treatment. Water Research, 2301-2324.
[2] Malikova N. et al. (2015). On the crossroads of current polyelectrolyte theory and counterion-specific effects. Phys ChemChem Phys, 

5650-5658.
[3] Malikova N. et al. (2012). Aqueous solutions of ionenes: interactions and counterion specific effects as seen by neutron scattering. Phys 

ChemChem Phys, 12898-12904.
[4] Brisard S. et al. (2012). Morphological quantification of hierarchical geomaterials by X-ray nano-CT bridges the gap from nano to micro 

length scales. Am. Mineralogist, 480-483.
[5] Michot L.J. et al. (2013). Coagulation of Na-montmorillonite by inorganic cations at neutral pH. A combined transmission X-ray micros-

copy, small angle and wide angle X-ray scattering study. Langmuir, 3500-3510.
[6] Shalkevich A. et al. (2007). Cluster, glass, and gel formation and viscoelastic phase separation in aqueous clay suspensions. Langmuir, 

3570-3580.
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Natural gas is considered as cleanest fossil and safe source of energy. It is composed mainly of methane (CH4). 
However, in the raw gas steam, other constituents may be present such as CO2. Carbon dioxide if present in gas 
stream is considered as diluent as it lowering the heat content of the combusted methane. Also, CO2 can act as an 
acidic gas if reacted with water in gas stream; consequently, corrosion may occur in the pipelines and equipment. 
In this consequence; CO2 should be removed from gas stream. It could be removed by absorption or/and adsorption 
process (Faramawy et al. (2016)). 

One of the adsorbents used is the layered double hydroxide materials. It is an anionic clay type, which consist of 
metal cations arranged uniformly in staked positively charged layers. The positive charge is compensated by neg-
atively charged anions intercalated in the interlayer space (Cavani et al. (1991)). It is usually used to capture CO2 
at high temperature (Choi et al. (2009)).

In this study, thee components Mg-Zn-Al LDHs were synthesized by microwave assisted homogenous precipita-
tion using urea hydrolysis. The physicochemical properties of the prepared solid were carried out using different 
techniques such as XRD, FTIR, Elemental analysis, surface characterization measurements, and electron micro-
scope. The results indicate the formation of the layered structure containing the three metals in one phase. By 
controlling the synthesis condition, carbonates as well as nitrogen containing anions are intercalated within the 
interlayer space. The type of the nitrogen containing anions depends on the type and concentration of M (II) cation. 
The nitrogen adsorption -desorption results indicate the presence of type IV isotherm. The surface area decreased 
with increasing zinc content. However, the high surface area could be related to interparticle agglomeration. The 
TEM images indicate the presence of nan-particles, its size depending on the concentration of Zn content. The 
smallest size (~14-25 nm) was detected in Mg-Zn-Al LDH have (Mg : Zn =1:3). The mixed metal amorphous 
oxide (LDO) phase were obtained after thermal treatment of the as-synthesis LDH at 550 °C.

The ability of the as-synthesized Mg-Zn-Al LDHs and corresponding LDO to capture CO2 from methane stream 
was tested using dynamic flow system technique at mild conditions of temperature and pressure. The results indi-
cate that the presence of nitrogen containing anions enhance the adsorption capacity of the LDHs relative to their 
corresponding oxides. 

Keywords: layered double hydroxide, microwave, urea hydrolysis, carbon dioxide, natural gas.

[1] Cavani, F., Trifirò, F., Vaccari, A. (1991). Hydrotalcite-type anionic clays: preparation, properties and applications. Catal. Today 11 (2), 
173-301. 

[2] Choi, S., Drese, J.H., Jones, C.W. (2009). Adsorbent materials for carbon dioxide capture from large anthropogenic point sources. Chem. 
Sustain. Chem. 2, 796-854.

[3] Faramawy, S., Zaki, T., Sakr, A.A.-E. (2016). Natural gas origin, composition, and processing: A review. J. Nat. Gas Sci. Eng. 34, 34-54.
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Frictional strength of clay minerals is critical on the activity of major creeping faults and landslides. Most clay 
minerals or phyllosilicates show low friction coefficients relative to other rock-forming minerals in the Earth’s 
crust. The mechanism of the low friction coefficients can be associated with the morphology and layered structure 
of phyllosilicates. A linear relationship between the interlayer bonding energy (ILBE) of phyllosilicates and 
friction coefficients of their powders has been discussed to explain the low friction of these minerals [1]. Recent 
shear measurements [2] and precise theoretical calculations on the ILBE [3], however, showed less relationship 
between the energy and friction coefficient. While no significant relationship between the friction coefficient and 
the ILBE was observed, friction between the adjacent layers of phyllosilicates is still a clue for understanding the 
mechanism of their low friction [4]. 

Here we conducted the first-principles calculations based on the density functional theory (DFT) for understanding 
the frictional mechanism between the adjacent layers of pyrophyllite and muscovite. Shear and normal stresses 
were obtained from the potential energy surface using the method by Zhong and Tománek (1990) [5]. Dispersion 
interaction was empirically corrected by using the DFT-D2 method [6].

To confirm the reliability of our calculations, the interlayer structures with stable and meta-stable energies calculated 
for pyrophyllite were compared with the experimental ones observed by high-resolution transmission electron 
microscopy (HRTEM) [7]. The stable structure reproduced the dominant interlayer structure in pyrophyllite. The 
meta-stable structure corresponded to a stacking fault found in the HRTEM images. Direct comparison of friction 
force was performed between the simulations and shear experiments [8] for muscovite. The change of frictional 
force as a function of sliding direction was consistent between the simulations and experiments. These results 
indicate that our calculations are reliable to predict the stacking structure and friction of clay minerals.

A large shear stress was required for the sliding between adjacent layers of muscovite rather than those of 
pyrophyllite. Shear stress (τ) as a function of normal stress (σn) for pyrophyllite and muscovite can be described 
by the equation: τ = μσn + c. Here μ is the angle of internal friction and c is the cohesion. No significant difference 
was observed for the μ among these minerals, but the cohesion of muscovite was larger than that of pyrophyllite. 
This is a reason for the large shear stress of muscovite. The cohesion in the friction can be interpreted by the degree 
of potential barrier along with a sliding direction without load. Therefore the cohesion depends on the sliding 
direction. The large cohesion of muscovite is ascribed to the presence of interlayer cations which increases the 
potential barrier along with the sliding directions. We found that potential energy surfaces for various clay minerals 
is critical for understanding the frictional mechanism of clay minerals.

[1] Moore D.E., Lockner D.A. (2004). Crystallographic controls on the frictional behaviour of dry and water-saturated sheet structure 
minerals. Journal of Geophysical Research, 109, B03401.

[2] Behnsen J., Faulkner D.R. (2012). The effect of mineralogy and effective normal stress on friction strength of sheet silicates. Journal of 
Structural Geology, 42, 49-61. 

[3] Sakuma H., Suehara S. (2015). Interlayer bonding energy of layered minerals: Implication for the relationship with friction coefficient. 
Journal of Geophysical Research: Solid Earth, 120, 2212-2219. 

[4] Kawai K., Sakuma H., Katayama I., Tamura K. (2015). Frictional characteristics of single and polycrystalline muscovite and influence of 
fluid chemistry. Journal of Geophysical Research: Solid Earth, 120, 6209-6218.

[5] Zhong W., Tománek D. (1990). First-principles theory of atomic-scale friction. Physical Review Letters, 64, 3054-3057.
[6] Grimme S. (2006). Semiempirical GGA-type density functional constructed with a long-range dispersion correction. Journal of 

Computational Chemistry, 27, 1787-1799.
[7] Kogure T., Jige M., Kameda J., Yamagishi A., Miyawaki R., Kitagawa R. (2006). Stacking structures in pyrophyllite revealed by high-

resolution transmission electron microscopy (HRTEM). American Mineralogist, 91, 1293-1299.
[8] Hirano M., Shinjo K., Kaneko R., Murata Y. (1991). Anisotropy of friction forces in muscovite mica. Physical Review Letters, 67, 2642-

2645.
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COUPLED THCM MODEL OF THE FEBEX IN SITU TEST: TESTING, 
UPDATING AND PREDICTIONS
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The performance assessment of a geological repository for radioactive waste requires the quantification of the 
evolution of the bentonite engineered barrier. This barrier will be subjected to coupled thermal (T), hydrodynamic 
(H), mechanical (M) and chemical (C) processes. The FEBEX (Full-scale Engineered Barrier EXperiment) project 
aimed to study the engineered barrier system designed for sealing and containment of waste in a radioactive waste 
repository. The FEBEX in situ test included the heating system, the bentonite barrier, the monitoring system and 
the granitic host rock. The in situ test was performed in Grimsel (Switzerland) and it began in 1997. Heater 1 was 
switched-off in February 2002 and it was dismantled in September 2002. The test continued to June 2015, where 
heater 2 was dismantled within FEBEX-DP (Dismantling Project) project.

A coupled THCM 1D axisymmetric model of the in situ test was reported by Zheng el al. (2011). The model ac-
counts for the period from 1997 to 2002. Model results attested the relevance of thermal osmosis and bentonite 
swelling for the geochemical evolution of the bentonite barrier while chemical osmosis was found to be much less 
relevant. The THCM model of Zheng el al. (2011) was tested with data collected after the dismantling of heater 
1 of the in situ test. The model reproduces reasonably well the measured temperature, relative humidity, water 
content and inferred geochemical data. However, it fails to mimic the solute concentrations at the heater-bentonite 
and bentonite-granite interfaces. 

The previous model which was constructed with data from 1997 to 2002 has been revised, updated and extended to 
2015. Model results have been compared to gravimetric water content data measured after the dismantling of heat-
er 1 in 2002 and heater 2 in 2015 and on line temperature, relative humidity, water content, and pore water pressure 
in the granitic rock data collected from 2002 to 2015. The model results are within the range of measured data and 
match the general trend of the data. The limitations, deviations and uncertainties of the previous THCM model 
have been analysed and overcome by: 1) Extending the previous 1D axisymmetric THCM models to 2D axisym-
metric conditions; 2) Improving the numerical implementation of the boundary condition at the heater-bentonite 
interface; 3) Performing sensitivity analyses to the retention curve, the vapour tortuosity, the thermal conductivity, 
the permeability, the diffusion coefficient and the kinetic smectite dissolution; and 4) Analysing the back diffusion 
of solutes from the bentonite into the granite and updating the dispersivities of the bentonite and the granite. Once 
updated and improved, the THCM model has been used to perform THCM pre-dismantling predictions of the ge-
ochemical conditions for the hot and cold sections in June 2015. The predicted concentrations in the hot sections 
are large near the heater and decrease towards the bentonite-granite interface. The predicted concentrations of Cl-, 
dissolved cations and dissolved SO4

2- are generally smaller than those computed in 2002. The predicted pH in 2015 
is similar to that in 2002. The concentration of dissolved HCO3

- in 2015, however, is larger than that computed in 
2002 due to the effect of the calcite dissolution front (Samper et al., 2017).

[1] Samper, J., Mon, A., Montenegro, L., (2017). Coupled THCm models of the FEBEX in situ test (revised version). Technical Report of 
FEBEX-DP Project. J. Grupo Agua y Suelo, Centro de Investigaciones Avanzadas (CICA), E.T.S. Ingenieros de Caminos, Canales y 
Puertos. Universidade de A Coruña.

[2] Zheng, L., Samper J., Montenegro L. (2011). A Coupled THC model of the FEBEX in situ test with bentonite swelling and chemical and 
thermal osmosis. Journal of Contaminant Hydrology 126, 45-60.
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Dye bearing effluents have become an important environmental hazard. In various industrial productions, such as 
textiles and leather, the dyeing processes are among the most polluting industrial processes because they produce 
enormous amounts of coloured wastewaters. It has been reported that that more than around 10,000 tons of syn-
thetic dyes are produced every year worldwide. And the estimated amount of dyes discharged in the environment 
are thought to be 1-2% loss during production, and 1-10% loss during uses [1]. Moreover, in addition to their 
colour, some of these dyes may degrade to highly toxic and dangerous subproducts.

Hydrogels are three-dimensional polymeric networks capable of imbibing large quantities of water in their struc-
tures. Polymer hydrogels have gained attention in many applications due to their unique water absorption along 
with its retention capacity. However, the use of hydrogels is restricted in some applications because of their poor 
stability and mechanical properties. Polymer/clay nanocomposite hydrogels have been developed to improve these 
properties. It is well-known that polymeric nanocomposites reinforced with clays show valuable improvements in 
their mechanical properties, heat resistance and gas permeability, regarding conventional micro and macrocom-
pounds. This is due to the large contact area between the matrix and the filler [2]. In addition, composite hydrogels 
that contain clays have shown being useful to do separations in a broader range of work conditions when compared 
to those needed by the clays themselves [3]. Besides, bentonite is an abundant and low cost smectite-type clay in 
Argentina.

The general objective of this work is to obtain composite hydrogels suitable to be used as absorbents for the 
dyes removal. Thus, composite hydrogels will be prepared employing polyvinyl alcohol (PVA) and bentonite as 
raw materials through a previously optimized physical crosslinking method (through freezing/thawing cycles, a 
non-toxic and relatively simple method), avoiding the use of potentially damaging components [4-5]. 

The performance of the resulting nanocomposite hydrogels will be tested to remove methyleneblue, which is a 
cationic dye. Removal efficiencies and adsorption kinetics will be compared with the respective polymeric matrix 
and bentonite by themselves.

[1] Pandey S., Ramontja J. (2016). Natural bentonite clay and its composites for dye removal: current state and future potential. American 
Journal of Chemistry and Applications, 3, 8-19.

[2] Sinha Ray S., Okamoto M. (2003). Polymer/layered silicate nanocomposites: A review from preparation to processing. Progress in Pol-
ymer Science, 28, 1539-1641.

[3] Thomas P.C., Cipriano B.H., Raghavan S.R. (2011). Nanoparticle-crosslinked hydrogels as a class of efficient materials for separation 
and ion exchange, Soft Matter, 7, 8192-8197.

[4] Santos A., F.W.F. de Oliveira, Silva F.H.A., Maria D.A., Ardisson J., Macêdo W.A.d.A., Palmieri H.E.L., Franco M.B. (2012). Synthesis 
and characterization of iron-PVA hydrogel microspheres and their use in the arsenic (V) removal from aqueous solution, Chemical Engi-
neering Journal, 210, 432-443.

[5] Zhu Y., Hu J., Wang J. (2014). Removal of Co2+ from radioactive wastewater by polyvinyl alcohol (PVA)/chitosan magnetic composite, 
Progress in Nuclear Energy, 71, 172-178. 
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Cosmetic products are defined as “any substance or mixture intended to be placed in contact with the external parts 
of the human body (epidermis, hair system, nails, lips and external genital organs) or with the teeth and the mucous 
membranes of the oral cavity with a view exclusively or mainly to cleaning them, perfuming them, changing their 
appearance, protecting them, keeping them in good condition or correcting body odours” [1]. Clays are extensively 
used in the formulation of cosmetics products, both as active ingredients and excipients. Their functional proper-
ties lead to their use in several semisolid products, including facial mask, creams, lotions, shampoos and make-up 
preparations [2]. To be used, clays must comply with a number of requirements [3]. 

Cosmetics are designed to be placed in contact with external parts of the human body and consequently usually 
require a consistency suitable for topical application. In particular, semisolid systems used as cosmetics must 
displayed enough viscosity to remain in contact with the application area at least until their purpose is achieved. 
Therefore, detail studies on rheological properties are fundamental for these products and viscosity agents are 
essential cosmetic ingredients.

With these premises, aim of this work was to identify the clay mineral phases in four commercial facial masks 
(MB, MV, MR and MN) and to determine their rheological properties. X-ray diffraction (XRD) data and chemical 
analysis (major elements) were used to assess the identity, purity and richness of each sample. XRD analysis was 
done by using a Philips® X-Pert diffractometer equipped with automatic slit (CuKα, 4-70º 2θ, 6º/min, 40 kV). 
Major elements were determined by X-ray fluorescence (XRF), using a Bruker® S4 Pioneer equipment, with a 
Rh X-ray tube (60 kV, 150 mA). Rheological measurements were carried out by a rotational rheometer (Thermo 
Scientific Haake RV1), in the shear rate range 70-800 s-1 and at 25 ºC.

The samples were composed of organic substances (polysorbates, glycerol and derivatives, polysaccharides,…) 
and inorganic ingredients, including clay minerals. As regards of the minerals, identification results revealed that 
phyllosilicates and in particular kaolinite were the main mineral component, with other special clay minerals 
(montmorillonite and stevensite) in minor amounts. In all cases, the studied facial masks showed typical non-New-
tonian viscoplastic flow curves with thixotropy, and apparent viscosities adequate for local topical application. 
Apparent viscosities of the samples were correlated to the presence of smectites (MN>MV>MR>MB).
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“Peloids are semisolid natural medicinal products prepared by interposition of organic and/or inorganic solids in 
mineral medicinal water, that conveniently processes and administered topically locally or in baths, and as a result 
of a number of biophysical and/or biochemical actions, are used in therapeutics to tread or prevent some patholo-
gies, or to correct their effects in the organism” [1]. Their mechanisms of action are chemical (permeation of ions 
present in the mud through the skin) and thermal (heat transfer by conduction when its are applied on the surface of 
the skin) [2,3,4,5]. Therefore, peloids are usually applied at elevated temperature (40-45 ºC) [6] and kept in contact 
the patient`s skin during time enough to obtain a beneficial therapeutic effect (aprox. 20 minutes). Consequently, 
to be suitable for thermal therapy, peloids must show low cooling rates and high heat capacities.

With these premises, the aim of this work was to design and develop synthetic peloids with solid phases mainly 
constituted by clay minerals (pharmaceutical grades kaolinites and smectites from different suppliers) and/or peats 
(supplied by “Turbera del Agia” S.L., Padul, Granada, Spain). The liquid phase of the designed peloids was in all 
cases mineral medicinal water from the thermal spring of Graena (Cortes y Graena, Granada, Spain). The relative 
solid/liquid ratio was maintained to 50/50 w/w. Known amounts of sample were conditioned at 50 ºC in a cylin-
drical polyethylene terephthalate cell and them immersed in a thermostatic bath at 25 ºC, measuring the cooling of 
the samples up to 32 ºC, by means of a thermometric probe located in the centre of the cell. Experimental cooling 
data were fitted by using the Newton law, describing thermal exchange between two bodies in contact at different 
temperatures. The experimental specific heats, the time required to achieve 32 ºC (temperature of the skin) and the 
temperature after 20 minutes (minimum typical time of application of peloids) were calculated. 

The results were used to evaluate the formulations that optimize the heat transfer between the peloids and the skin 
in normal application procedures. Clay and clay/peat suspensions showed experimental values of specific heats 
around 3 J/g K. In all systems, the time required to achieve 32 ºC was greater than 20 min and the temperature 
after 20 minutes was over 32 ºC. These values were able to assure heat transfer between the systems and the skin 
in normal application procedures.
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On behalf of their healing properties, clays appeared in most of ancient Mediterranean/European medical texts, 
being used to treat both internal and skin pathologies. Nowadays, some of these traditional uses continue in con-
ventional medicinal products in which clays are used as excipients or actives [1,2] and recently as advanced 
materials with technological uses as nanomatrices and nanocapsules [3,4]. One of the main difficulties in the “ar-
chaeomineralogical” study of the medicinal use of clays is the variability during the centuries of mineral names, 
relying on color, use, location of the deposits or regional areas of use, and so on. In Europe and Mediterranean 
countries, pharmaceutical ancient historical text of Greek, Roman, Byzantine and Medieval periods include clays 
as “simples” [5]. Most of “simples” were herbal but also animal parts and minerals. In particular, “Terra sigillata” 
(Λημνία Γη) or Stamped earth, as well as other clay denominations are included in at least half of the most impor-
tant historical texts constituting the European materia medica since the “Hippocratic Corpus” (5th-4th century BC) 
[5]. Clays were mainly used as alexipharmic (antidotes to poison), astringent and desiccative, as well as sudorific 
and antidiarrhoeal. Their popularity and multiples uses, together with the inherent difficulties to use clays from 
remote locations resulted in the exploration of alternative types of stamped earths (terra Armenica, terra Florentina, 
terra Hispanica, terra Lemnia). In mid-eighteenth century, European industrialization changed markedly medical 
tradition, introducing numerous synthetic substances in therapeutic, at the expense of naturally occurring materi-
als. During XIX century, the presence of clay “simples” in western medicine gradually decreased and at the end of 
the century only some examples remained in a pharmaceutical encyclopaedia edited in Barcelona and usually with 
the consideration of obsolete remedies [6]. In the first half of the twentieth century the disappearance of most of the 
old remedies, the permanence of others and the emergence of new names and uses were confirmed. By mid-cen-
tury, the major Western pharmacopoeias included clays between the substances used in medicinal products. In the 
USA pharmacopoeia of 1960 a new clay denomination appeared; “Bentonite”. This name came from the location 
of the clay (Fort Benton, Wyoming, USA). Use of any clay with this designation meant that its composition and 
properties should be as similar as possible to the American sample. The term “bentonite” was gradually adopted 
by the British and other European pharmacopoeias and continues being used [2]. Together with “Bentonite”, new 
denominations as “Magnesium trisilicate”, “Magnesium aluminum silicate” (or “Aluminium Magnesium silicate”, 
as well as “Attapulgite” were progressively included in pharmacopoeias, being currently considered as pharma-
ceutical substances [7]. The correspondence with their mineralogical denominations is in some cases difficult, as 
the names are mainly correlated to properties and uses of the materials in the preparation of medicinal products.
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Active faulting is an important phenomenon triggering chemical and physical processes in the rocks of the fault 
core and damage zones. Chemical processes involve element mobility and redistribution assisted both by pore 
fluids and/or fluids running through the faults. Evidence of chemical reactions in these settings includes changes in 
the mineralogy and elemental-enrichments of the fault gouge. Meanwhile, physical processes mainly involve the 
accommodation of stress through various modes of deformation that affect the rock fabric and cohesion, and are 
directly related to earthquake nucleation and propagation.
In this study, we investigate by scanning and transmission electron microscopy (SEM, TEM) naturally- and ex-
perimentally-deformed fault gouge samples collected from two main sliding surfaces within the Galera Fault 
Zone. The two gouges studied have a particular mineral association that includes fibrous clay minerals (sepiolite 
and palygorskite). In the first mineral assemblage, the fault rock is dominated by smectite with smaller amounts 
of palygorskite. In the second, the fault rock is dominated by sepiolite (Sánchez-Roa et al., 2016). The aim of the 
study is to identify the chemical and physical processes taking place within both the fibrous and the platy clay 
minerals in the samples as a consequence of ongoing deformation.
The microscale deformation mechanisms of smectites and fibrous clay minerals differ significantly. The smec-
tite-rich gouge shows a great number of layer terminations and delamination on the crystals’ basal planes that 
contributes to a distributed mode of deformation in the gouge, possibly resulting in aseismic creep of the fault 
segment. In contrast, fibre disorientation and the random fabric of the sepiolite-rich gouge result in localised 
deformation limited to small areas where the needle-like crystals are bent and broken producing “feather-like” 
structures, without the presence of lattice distortions. 
Sepiolite crystals on both naturally- and experimentally-deformed gouges exhibit variability in the (110) d-spacing 
of sepiolite. This variability suggests the presence of palygorskite polysomes causing polysome width disorder. 
d-spacings further from the ideal 12.2 Å appear on crystal edges, while values closer to the ideal value appear 
towards the centre of the fibres. This phenomenon can imply a progressive transformation from sepiolite to paly-
gorskite triggered by a higher Al-input to the system and pore fluid chemistry disequilibrium, as a consequence of 
exhumation and interaction with the Al-richer wall rock.
Lateral variability of the d-spacing of smectite crystals from 13 Å to 20 Å in the smectite-rich gouge permitted the 
identification of possible regions of polysomes defined by Krekeler et al. (2005). This lateral change could suggest 
mineral intergrowth and/or epitaxial transformation between smectite and palygorskite. Furthermore, microana-
lyses show a progressive and continuous decrease in Mg coupled with an increase in Al+Fe in the octahedral cation 
content of the sepiolites, palygorskites and smectites in the samples. Therefore, we suggest that in this system 
palygorskite could be the precursor of smectite.
Deformation mechanisms in planar-expandable and fibrous phyllosilicates are significantly different. Thus, min-
eral transformations between these two mineral groups, as evidenced in this natural fault, can have important 
geological implications on fault strength and stability. Furthermore, the presence of these mineral transformations 
in natural mineral deposits could have important industrial applications for the efficiency of industrial materials, 
since partial or total transformations between smectites and fibrous clay minerals will drastically change important 
chemical and physical properties, including surface area and cation exchange capacity.
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IMPLICATIONS OF SEPIOLITE DEHYDRATION FOR EARTHQUAKE 
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A new thermodynamic model for the Mg-phyllosilicate sepiolite was developed and used to calculate its P-T 
stability conditions and water content for different bulk rock compositions. The standard state thermodynamic 
properties, entropy (S°) and enthalpy (H°), were initially estimated by oxide summation taking into account the 
different entropic and enthalpic contributions of the three types of water in sepiolite: zeolitic water, bound water, 
and structural OH groups. The starting model was then refined with synchrotron XRD data for dehydration of sepi-
olite and experimental data. The dehydration process follows a step function that allowed us to define end members 
with decreasing hydration states in a theoretical solid solution. 

The stability field of sepiolite is ultimately limited by the reaction sepiolite → talc + quartz + H2O, which is located 
at about 325 °C at 1 to 500 MPa. The large stability field of this clay mineral suggests that it could control the me-
chanical behaviour of crustal faults where it is present and could be stable to 325 °C. The refined model was then 
applied to the natural case of the Galera Fault Zone (SE Spain) using XRF data of the bulk rock composition of 
the fault core gouge, which is mainly composed of sepiolite. The dehydration of sepiolite at T < 300 °C is modest 
compared to that occurring during its breakdown, where 62% of water molecules leave the structure to form the 
association talc + quartz + H2O; a reaction that also involves a reduction of around 31% of the original solid vol-
ume. These significant hydration and volume changes of sepiolite can have important implications on the strength 
and stability of the Galera Fault and other sepiolite-bearing gouges. In order to estimate the strength changes 
of the gouge with depth (and hence pressure and temperature), we compare triaxial friction experiments on the 
sepiolite-rich gouge from the Galera Fault and measurements on a synthetic gouge following breakdown above 
325 °C, constructed following the mineral association predicted by the thermodynamic model (93 wt% talc and 7 
wt% quartz). The contrasting frictional strength and stability of sepiolite in comparison to talc could be one of the 
causes of fault instability and earthquake nucleation seen to be concentrated in the upper 10 km of the Galera Fault.
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The use of residue, through studies that are capable to detect its potentialities, is seen today as additional activity 
that may contribute to preserve natural resources, as well to minimize environmental impact. During the heating of 
clays different thermal reactions occur and new phases are formed and related to the heating conditions, the chemi-
cal composition and the nature of mineral. When aluminosilicate minerals are submitted to temperatures above 
1000 ºC, normally the final microstructure contains different forms of mullite crystals and undissolved quartz 
grains dispersed in the vitreous matrix. The aim of this work is to obtain mullite from aluminosilicates and alu-
mina rich residue, glimpsing the production of refractory ceramic pipes and materials for insulation. The following 
raw materials were used as precursors: kaolin and bentonite clays and alumina residue. They were submitted to 
chemical, mineralogical, granulometric and thermal characterizations. To define the content of kaolin, clay and 
residue in the formulations of ceramics masses, the chemical composition of precursors was calculated based on 
the stoichiometry of the mullite 3:2 (Al2O3.2SiO2). Specimens were prepared by pressing and submitted to thermal 
treatment using conventional oven at 1100 and 1300 °C, with heating rate of 5 °C/min and dwell time of 60 min. 
The microstructural analysis by X-ray diffraction (XRD), (scanning electron microscopy (SEM) and transmission 
electron microscopy (TEM) were carried out and the physical and mechanical properties were measured. By the 
XRD analysis after the thermal treatment at 1300 °C, the presences of the following phases were evident: quartz, 
cristobalite, corundum, mullite (major phase) and amorphous phase. The images obtained by SEM reveal elon-
gated crystal in the needle form, typical characteristics of mullite obtained from clay, and grains in round shape 
typical of corundum. By TEM analysis, to the sintered samples at 1300 °C, it was evident the formation of mullite 
crystals, whose aspect ratio (length / width) ranged from ~ 8 to ~ 11. With respect to the physical and mechanical 
properties, it was evident that with the increase in temperature from 1100 to 1300 °C, the mechanical strength of 
the specimens, for all compositions studied, was increased, and for the compositions containing kaolin the values   
of this parameter at 1300 °C were higher than obtained with the clays. As for the refractoriness, these showed 
equivalent Orton pyrometric cone above 36, being considered of high refractoriness.

 
Keywords: mullite, aluminosilicates, alumina residue.
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The geotechnical properties of fine-grained soils are predominantly determined by their electrical diffused double 
layer (DDL) formed around them upon interaction with the pore-fluid. In the past many empirical and numerical 
approaches have been proposed to correlate the geotechnical properties such as hydraulic conductivity, compressi-
bility, swelling pressure, etc. in terms of DDL using the concepts of Gouy-Chapman and Stern layer theories [1-9]. 
In addition, it is also inferred that one of the primary factor that influences the thickness of diffused double layer is 
the dielectric response of the interacting pore-fluid in the diffused double layer of the soil mass [10,11]. The exper-
imental investigations to quantify the dielectric response of the pore-fluid adsorbed in the Stern and Gouy layers 
of the compacted soil mass are very limited. In view of this an attempt has been made in this study to quantify the 
electro-chemical properties such as dielectric response of compacted fine-grained soils using impedance spectros-
copy, over a wide range of frequency [12]; further the obtained impedance data of the soil mass was represented 
using the concepts of equivalent circuit modelling in terms of its resistance, capacitance and inductance [13]. The 
fitted electrical circuit elements represent the physical significance of the electro-chemical changes that occur 
within the soil mass due to the change in the pore fluid chemistry [14]. From the fitted equivalent circuit model, the 
corresponding parallel connected resistance-constant phase elements representing the dielectric response of Stern 
& Gouy layers has been established. In view of representing broad range of natural soils, the present study has 
considered high swelling montmorillonite and low swelling kaolinite minerals. The variation in the thickness of 
diffused double layer of the selected materials upon interaction with different pore-fluids has been assessed based 
on their measured dielectric response.
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Clay minerals are important environmental adsorbents because of their abundance and tremendous variety of uses, 
including containment of radioactive wastes. However, steam produced in the containment environment during 
decay of radioactive wastes can irreversibly reduce the osmotic swelling capability of bentonite [1], which is the 
key mechanism restricting the saturated permeability of the containment barrier. Previous X-ray diffraction, X-ray 
photoelectron spectroscopy, and nuclear magnetic resonance spectroscopy studies indicated that the crystalline 
structure of smectite, which is the dominant clay mineral in bentonite, remained unaffected or underwent only sub-
tle changes during steam treatment [2,3]. It has been hypothesized that steam causes release of a small amount of 
Al3+ that would reduce the layer charge of the outermost smectite layer in each floc, making it slightly hydrophobic 
[2]. Steam may also act at the crystallite edges, causing them to interact with smectite 001 surfaces and flocculate 
[2]. However, most of these hypotheses are unconfirmed. The current study investigated the surface energy profiles 
of steam-treated montmorillonite and palygorskite using an inverse gas chromatography surface energy analyser 
(iGC-SEA). The surface energy analysis was also complemented with N2-adsorption specific surface area (SSA) 
and pore size distribution analyses.

Clay minerals (SWy-1 montmorillonite and PFL-1 palygorskite) were treated with steam in a Teflon-lined Parr 
digestion vessel. Treatments used 4.84 g of clay mineral with 0.34 g of deionised water in a 23 mL Parr vessel, and 
heating at 200oC for 7 days. The treated and untreated clay mineral samples were characterised by iGC-SEA, and 
the surface area and pore size distribution were also determined.

The total surface energy as measured by iGC-SEA of palygorskite was greater than montmorillonite both before 
and after the steam treatment. At fractional surface coverage of 0.04, the untreated palygorskite and montmoril-
lonite recorded 90.2 and 12.4 mJ m-2 of total surface energy, respectively. This could be attributed to the difference 
in the basic layer silicate structures of these clay minerals. The total surface energy of the steam-treated clay 
minerals was greater than the untreated samples over the entire fractional surface coverage of organic adsorbates 
(e.g., 140.2 and 112.2 mJ m-2 for steam-treated palygorskite and montmorillonite, respectively, at fractional surface 
coverage of 0.04), and this difference in surface energy for montmorillonite was greater than for palygorskite. As 
a result of the steam treatment, the SSA decreased by ~26% in montmorillonite and ~13% in palygorskite, which 
may explain the reduction in total surface energy of the steam-treated clay minerals. Confirming earlier reports [2], 
the wettability of the clay minerals as measured from humidity controlled iGC-SEA experiments also decreased 
as a result of the steam treatment, and the effect was more pronounced at higher fractional surface coverage of ad-
sorbates. The changes in wettability were more prominent for steam treated palygorskite than for montmorillonite. 
The results of this study confirm earlier observations that a steam environment has significant implications for the 
use of these minerals in radioactive waste containment.

[1] Couture R.A. (1985). Steam rapidly reduces the swelling capacity of bentonite. Nature 318, 50-52.
[2] Bish D.L., Wu W., Carey J.W., Costanzo P., Giese R.F., Earl W., Oss C.J. (1997). Effects of steam on the surface properties of Na-smectite. 

Proceedings of the 11th International Clay Conference: Clays for our Future, Ottawa, pp. 569-575.
[3] Heuser M., Weber C., Stanjek H., Chen H., Jordan G., Schmahl W.W., Natzeck C. (2014). The interaction between bentonite and water 

vapour. I: Examination of physical and chemical properties. Clays and Clay Minerals 62, 188-202.
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DESIGN OF ARTIFICIAL FUNCTIONAL SYSTEMS FROM EXFOLIATED 
2D OXIDE AND HYDROXIDE NANOSHEETS

takayoshi sasaki

International Center for Materials Nanoarchitectonics, National Institute for Materials Science, Tsukuba, 305-0044, Japan 
sasaki.takayoshi@nims.go.jp

We have developed a variety of metal oxide and hydroxide nanosheets from appropriate layered compounds as 
a precursor via inducing their massive swelling and subsequent exfoliation [1,2]. The resulting nanosheets are 
colloidal 2D nanocrystals, extending laterally up to several tens micrometers. Furthermore, they can be obtained 
in wide varieties of composition and structure, leading to a range of unique properties. Thus, the nanosheets are 
useful as a building block to construct “artificial lamellar systems” with a designed nano- to mesoarchitecture 
through solution-based processes.

The oxide nanosheets can be assembled layer-by-layer into multilayer or superlattice films through sequential 
adsorption procedure or Langmuir-Blodgett deposition. By selecting appropriate nanosheets, we can design var-
ious functionalities, such as superior dielectric and multiferroic properties. On the other hand, simple mixing 
of oxide and hydroxide nanosheets can spontaneously produce bulk-scale flocculates of unique oxide/hydroxide 
hybrid structures because they are oppositely charged. We showed that such heteroassembled lamellar composites 
of reduced graphene oxide (rGO) and transition metal hydroxide nanosheets exhibited superior performances in 
electrochemical charging/discharging and water electrolysis, showing promise for applications in supercapacitors 
and electrocatalysts [3,4]. 

Novel mesoscopic lamellar structures can be realized by inducing enormous hydration-driven swelling of layered 
metal oxide crystals or organizing exfoliated nanosheets in a diluted suspension under high magnetic field [5]. By 
controlling an electrolyte concentration, a separation between the oxide layers can be varied from several nm to 
over 100 nm, which induces a vivid structure color. These mesostructures can be fixed by turning the systems into 
unique hydrogels, which showed anisotropic optical and mechanical properties.

[1] Ma, R., Sasaki, T. (2010). Nanosheets of Oxides and Hydroxides: Ultimate 2D Charge-Bearing Functional Crystallites, Adv. Mater. 22, 
5082-5104.

[2] Wang, L.Z., Sasaki, T. (2014). Titanium Oxide Nanosheets: Graphene Analogues with Versatile Functionalities, Chem. Rev. 114, 9455-
9486.

[3] Ma, R., Sasaki, T. (2015). 2D Oxide and Hydroxide Nanosheets: Controllable High-Quality Exfoliation, Molecular Assembly and Explo-
ration of Functionality, Acc. Chem. Res. 48, 136-143.

[4] Ma, R., Sasaki, T. (2015). Organization of Artificial Superlattices Utilizing Nanosheets as a Building Block and Exploration of Their 
Advanced Functions, Annu. Rev. Mater. Res. 45, 111-127.

[5] Liu, M., Ishida, Y., Ebina, Y., Sasaki, T.; Hikima, T., Takada, M., Aida, T. (2015). Nature, An Anisotropic Hydrogel with Electrostatic 
Repulsion between Cofacially Aligned Nanosheets, 517, 68-72.
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STUDY OF Cu-BEARING CLAY MINERALS, FROM CARAJÁS - BRAZIL

eliana satiko mano (1)*, laurent Caner (2), sabine petit (2), artHur pinto CHaves (1)
(1) Escola Politécnica - Universidade de São Paulo. Av. Prof. Mello Moraes 2.373 - 05508-900, São Paulo - Brasil, (2) 
Université de Poitiers, CNRS IC2MP-HydrASA UMR 7285 - Poitiers, France 
*elli_mano@hotmail.com

Copper in lateritic ores is associated toiron and/or manganese oxides/hydroxides; to clay minerals and/orto Cu-sil-
icate (chrysocolla) and to Cu-carbonates (malachite and azurite). All these mineralsusually result from the weath-
ering and/or hydrothermal alteration of Cu-sulfides.

The mineral Province of Carajás, northern Brazil, is one of the most important iron oxide, copper and gold ore 
provinces (IOCG) in the world, often compared to Olympic Dam in Australia. The tropical conditions (high rain-
fall and temperature) are responsible forthe copper concentrations and secondary minerals formation.

Three samples from the Carajás Province were studied to characterize the Cu-lateritic ore. X-ray diffraction, 
scanning electron microscopy and Fourier transformed infrared (FTIR) spectroscopy data have shown that Cu is 
mainly associated to the clay minerals. A DCB (Na-dithionite, Na-tricitrate and Na-bicarbonate solution) treatment 
revealed that less than 0.1% of Cu is associated to goethite. Unfortunately, goethite represents 40 to 50% of the 
samples. Nearly 99% of Cu is associated to clay minerals, especially to biotite and secondarily to smectite. Kao-
linite was also identified without Cu in its structure.

Keywords: Carajás, IOCG, mineral characterization; Cu-bearing minerals, clay minerals.

[1] Farmer, V.C. (1974). Infrared spectra of minerals. Mineralogical Society Monograph 4, Mineralogical Society, London.
[2] Ildefonse, P., Manceau, A., Prost D. and Groke, M.C. T. (1986). Hydroxy-Cu-vermiculite formed by the weathering of Fe-biotites at 

Salobo, Carajas, Brazil. Clays and Clay Minerals. 34, 3, 338-345.
[3] Madejová J., Balan E. and Petit S. (2011). Application of vibrational spectroscopy to the characterization of phyllosilicates and other 

industrial minerals. EMU Notes in Mineralogy. 9, 6, 171-226.
[4] Mehra, O.P. and Jackson, M.L. (1960). Iron oxide removal from soils and clays by a dithionite-citrate system buffered with sodium bi-

carbonate. Claysand Clay Minerals. 7, 317-327.
[5] Monteiro, L.V.S., Xavier, R.P., de Souza Filho, C.R. and Moreto, C.P.N. (2014). Metalogênese da Província Carajás. Org. Silva, M.G. da, 

Rocha Neto, M.B. da Jost, H. andKuyumjian, R.M: Metalogênese das províncias tectônicas brasileiras. CPRM - Companhia de Pesquisas 
de Recursos Minerais - Serviço Geológico do Brasil. Belo Horizonte, Minas Gerais. 43-92.

[6] Oliveira, S.M.B. de, Carvalho e Silva, M.L.M. de, Toledo, M.C.M de (1995). The role of residual 2:1 phyllosilicates in lateriticmetallo-
genesis: Niand Cu deposits in Serra dos Carajás, BrazilianAmazonia. Geochim. Brasil. 9, 2, 161-171.

[7] Parisot, J.C, Creach, M., Melfi, A.J., Nahon, D., Toledo-Groke, M.C. andTrescases, J.J. (1990). Dispersão e acumulação do cobre nos 
produtos do intemperismo de depósitos cupríferos do Brasil. Revista IG. São Paulo. 11 (2), 21-33.

[8] Veiga, M.M., Schorscher, H.D. and Fyfe, W.S. (1991). Relationship of copper with hydrous ferric oxides: Salobo, Carajás, PA, Brazil. 
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CHLORITE-RICH CLAY ASSOCIATIONS IN INTERBEDDED TUFFS AND 
MUDSTONES: DIAGENETIC IMPLICATIONS 

roberto a. sCasso (1), iGnaCio a. Capelli (1)*, fernanda Cravero (2), dieGo a. kietzmann (1)
(1) Conicet-IGeBA-FCEN-UBA, Buenos Aires, PC: 1428 Argentina, (2) Conicet-CETMIC, Buenos Aires, PC: 
1897Argentina

The Upper Jurassic of two basins in southern South America and the Antarctic Peninsula is characterized by black 
shale/mudstone-dominated marine successions with interbedded tuff beds milimetric to decimetric thick. Anoxic 
environment precluded bioturbation and sediment mixing, and favoured organic matter preservation (TOC 2-8%). 
Some of these successions may form unconventional oil reserves, such as the VacaMuerta Formation, and there-
fore the study of clay mineralsis critical for the fracking process. As the clay mineral association developed on 
tuffs is totally diagenetic it may be regarded as a good tracer for the diagenetic grade. It is also remarkably different 
from the clay mineral association in the background sediments.
Most tuff beds in our case studies (the Ameghino Formation in the Larsen Basin, northeastern Antarctic Peninsula 
and the VacaMuerta Formation in the Neuquén Basin, western Argentina) are massively replaced by carbonate, 
chlorite andillite-smectite interlayers (I/S). In the localities selected for this study both units underwent deep burial 
in the context of high geothermal gradient basins. Chlorite is more abundant than I/S in the tuffs and the opposite 
is true for the background shales and mudstones.
XRD studies (bulk rock and fraction <2 microns) show similar composition for clays in carbonatized tuffs (early 
diagenetic carbonatic concretions developed on tuffs) and argilitized tuffs (white/yellow, soft, plastically deformed 
thin beds). The main clay mineral in the tuffs of the VacaMuerta Fm is Fe-rich chlorite, with variable contribution 
of interstratified illite-smectite layers (I/S). The I/S have more smectite layers in the tuffs, that are characterized as 
R1 I/S, in contrast with the R3 I/S in the mudstones. To Max (498-528 °C) from Rock-Eval Pyrolysis indicate the 
rocks are overmature and were submitted to temperatures about 150 °C (e.g. Peters, 1986).
The tuffs and carbonatized tuffs in the Ameghino Formation also show abundant Fe-rich chlorite, with variable 
contribution of I/S classified as R1 I/S in contrast with the R3 I/S in most mudstones. The carbonatized tuffs are 
slightly richer in smectite interlayers, andvitrinite Ro from 0.72 to 1.23 point to diagenetic temperatures from 100 
to 120 °C. 
The tuffaceous beds in the VacaMuerta and Ameghino Fms. are distal fallout tuffs mostly of siliceous to andesitic 
composition accumulated in anoxic basins close to a Late Jurassic volcanic arc in the western margin of Gond-
wana (e.g. Scasso, 2001). Large pumice as well as fine-grained glassy ash, together with the mafic minerals, and 
sometimes the feldspars and quartz, were replaced by carbonate, clays, pyrite and zeolites. The carbonate precipi-
tated during the early diagenesis forming concretions that precluded later compaction of the beds (e.g. Scasso and 
Kiessling, 1991). The firstly formed clay mineral phases were probably smectite and a chlorite precursor, coeval 
with the carbonate precipitation and later transformed into I/S and Fe-rich chlorite during diagenesis. Smectite was 
transformed to I/S during burial diagenesis and illite interlayers increased substantially.
The clay mineral association in tuffaceous layers is richer in chlorite than the background sediments. The chlo-
rite is entirely diagenetic and may be formed from a metastable precursor (Scasso and Kiessling, 2001) or from 
smectite transformation during advanced diagenesis (e.g. Foscolos, 1991) favoured by absence of K and limited 
illitization (Compton, 1991). On the other hand the I/S in the tuffs have more smectite layers than in shales and 
mudstones, which display poor XRD patterns and may lead to erroneous estimation of the diagenetic grade. A 
preliminary analysis indicates this may be the result of inherited detritic material in the fraction <2 microns or of 
the direct precipitation of R3 I/S in shales and mudstones (e.g. Wilsonet al., 2016). 

[1] Compton, J.S.(1991). Origin and diagenesis of clay minerals in the Monterey Formation, Santa María Basin area, California. Clays and 
Clay Minerals, 49 p. 449-486.

[2] Foscolos, A.E. (1991).Catagenesis of argillaceous sedimentary rocks. In: McIlreath, I., A. and Morrow, D., W. (eds.): Diagenesis.  
Geoscience Canada, Reprint Series 4, p. 177-188.

[3] Peters, K.E. (1986). Guidelines for evaluating petroleum source rock using programmed pyrolysis. AAPG Bull., 70: 318-329.
[4] Scasso, R.A.(2001). High frequency of explosive volcanic eruptions in a Late Jurassic volcanic arc: the Ameghino Formation on the 

Antarctic Peninsula. Journal of Sedimentary Research 71(1), p. 101-106.
[5] Scasso, R.A.andKiessling, W.(2001). Diagenetic pathways in Upper Jurassic concretions from the Antarctic Peninsula. Journal of Sedi-

mentary Research, 71(1), p. 88-100.
[6] Wilson, M.J., Shaldybin, M.V. and Wilson, L. (2016). Clay mineralogy and unconventional hydrocarbon shale reservoirs in the USA. I. 

Ocurrence and interpretation of mixed-layer R3 ordered illite/smectite. Earth-Science Reviews 158, p. 31-50.
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BENEFIT OF CLAY IN POLYMER NANOCOMPOSITE FOR BIOMEDICAL 
ENGENEERING: FROM CLAY PROPERTIES TO POLYMER COMPOSITE 
PERFORMANCE
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Polymers are key building blocks in the development of smart material for biomedical applications, and a lot of 
polymers offer unique properties for specific applications. An increased matrix of material options is available 
through the use of polymer compounds. These compounds can incorporate performance-enhancing fillers, which 
provide properties considerably different from those of the neat ordinary polymers (e.g., bending stiffness, tensile 
strength, elongation, torque, biological activity such as antimicrobial properties [1], cell differentiation [2]). In our 
work we want to demonstrate as the use of synthetic layered double hydroxide (LDH) clays in polymer compos-
ites permits to obtain Functional Bionanocomposites with tailor made properties by tuning of morphological and 
chemical properties of intercalated clay and optimizing processing condition during the compound processing. 
The LDH/Polymer mixing process is based on melt compounding. This method is a very promising tool, since the 
modifying of plastic compounds is a custom business and well suited for biomedical application (device, Long-
Term Implantable Polymers, Bioresorbable Polymers). 
Due to the presence of exchangeable anions in the interlayer regions, LDHs can be used as a host for antimicrobial, 
antioxidant, antibiotic anions which can be intercalated by ionic exchange process in the metal hydroxide sheets. 
So the organic guest anions not only improve the compatibility of the inorganic layers with the polymeric matrix, 
and hence the mechanical, thermal, gas barrier properties of the composite, but also confer to it their typical bi-
ological activity. The intercalation of guest anions into LDHs also permits to chemically stabilize them through 
electrostatic interactions, to physically protect them by the inorganic hydroxide sheets from external harsh condi-
tions (i.e. temperature, oxygen, UV rays and humidity) and to controle the release of the active ingredient with a 
well known mechanism [3].
Synthetic layered double hydroxide (LDH) clays have attracted particular attention because of their biocompati-
bility and lack of toxicity and because the chemical composition can be controlled and tuned according to need. 
For example undesirable trace metals, which are often naturally present in montmorillonite (MMT) clay, can be 
avoided [4]. Although nanocomposites have been around for a number of years, it has only been recently that 
researchers discovered the clay purification requirements for maximizing the performance of these compounds. 
This is due to the high levels of amorphous silica present in clays; the silica substantially degrades the impact and 
elongation properties of the composite and also increases the haze in film. 
The true value of nanocomposites in medical applications is only beginning to be discovered.
A very interesting approach for the production of Bionanocomposite is used in our H2020 Project - FAST “Func-
tionally Graded Additive Manufacturing Scaffolds by Hybrid Manufacturing” (NMP07, GA n. 685825), where 
processing parameters during Melt Compounding in Twin Screw Extruder, preparation method, feed composition, 
clay morphology, clay intercalation process were properly modulated until obtaining polymer clay Bionanocom-
posite with mechanical, reological, and biological properties useful for the preparation of scaffold prototypes for 
the bone regeneration using a 3D printer device (Bioscaffolder). 
In this work the so obtained Bionanocomposite with intercalated/exfoliated morphology will be presented together 
with results in the tuneable controlled release of antibiotic. The correlation between the morphological properties 
of LDH intercalated with antibiotic molecules, and the twin screw extrusion processing parameters will be also 
analyzed and presented.

[1] M. Scatto, M. Sisani, (2016). Active polymer nanocomposites: Application in thermoplastic polymers, AIP Conference Proceedings 1779, 
040014 http://doi.org/10.1063/1.4965505.

[2] Posati T., et al. (2016). A Nanoscale Interface Promoting Molecular and Functional Differentiation of Neural Cells, Sci.Rep. 6, 31226;doi: 
10.1038/srep31226.

[3] Oh J.M, Park D.H., Choi S.J. (2012). LDH Nanocontainers as Bio-Reservoirs and Drug Delivery Carriers, Recent Patents on Nanotech-
nology, 6, 200. 

[4] Chakraborti M., Jackson J.K. (2012). The application of layered double hydroxide clay (LDH)-poly(lactide-co-glycolic acid) (PLGA) 
film composites for the controlled release of antibiotics, 23, 1705-171.
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INFLUENCES OF THE RECYCLING OF BENTONITE BONDED 
MOULDING SAND STUDIED BY NEUTRON RADIOGRAPHY
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Bentonite bonded sand is the most commonly used mould material in foundry industries. The mechanical proper-
ties of bentonite bonded sand moulds strongly depend on temperature, moisture, and mineralogical composition of 
the bentonite [1]. During casting, a temperature gradient is introduced into the sand mould. Sand layers next to the 
mould cavity dehydrate. Steam diffuses into colder mould regions and condensates. The emerging inhomogeneous 
water and temperature distribution leads to zones of different mechanical properties, notably of different tensile 
strength [2].

After casting, the sand is retrieved, remoistened, and reused. However, reusability is limited. Statistically, mould-
ing sand is recycled 20 times before removed from the casting process. Bentonites alter at temperatures of 500-750 
°C. OH-groups are released from smectites. The bonding capacity decreases [3]. Furthermore, bentonites treated 
with steam significantly loose swelling capacity [4].

To investigate the effects of temperature driven alteration and cyclical use on the tensile strength of moulding sand, 
tensile tests were conducted on pre-treated sands. Before applying load, the specimens were heated from above. 
By heating a temperature and moisture gradient is induced into the specimens that is comparable to the casting 
conditions. The water kinematics during heating and the location of rupture were imaged by neutron radiography 
series, which were performed at the imaging facility ICON [5] and ANTAES [6]. After image correction, the local 
water content was calculated using Beer-Lambert law.

Two series were performed. In the first experimental series, the influence of recycling cycles on the water kinemat-
ics and tensile strength were investigated. Therefore, moulding sand (8 wt.% Na-bentonite, 92 wt.% quartz) was 
dried (120 °C) and moistened (3 wt.% H2O) several times (1, 13, 21, 25) before tensile testing. In the second series, 
sand from the same lot had been heat-treated (120, 225, 330, 435, 540, 645, 750 °C) for 24 hours. Afterwards, the 
altered sand was moistened (3 wt.% H2O) and the heated tensile tests were conducted. 

Both, tensile strength and transport properties did not significantly change when the sand is exposed several times 
to 120 °C. However, sands treated with temperatures above 500 °C show a significant decrease in tensile strength 
and a strong increase in drying rate. These results indicate that the exposure temperature is much more relevant for 
the properties of bentonite bonded moulding sand than the number of recycling cycles.

[1] Grim R.E., Guven N. (1978). Bentonites - Geology, mineralogy, properties and uses. Elsevier, Amsterdam. 
[2] Patterson W., Boenisch D. (1964). Das Schülpendiagramm für Naßzugsande. Giesserei 51 (21), 634-641. 
[3] Odom I.E. (1984). Smectite clay minerals: Properties and uses. Phil. Trans. Royal Soc. Lon. A: Math., Phys. and Eng. Sci., 311(1517), 

391-409.
[4] Couture R.A. (1985). Steam rapidly reduces the swelling capacity of bentonite. Nature, 318, 50-52.
[5] Kaestner A., Hartmann S., Kühne G., Freib G., Grünzweig C., Josic L., Schmid F., Lehmanna E. (2011). The ICON beamline - a facility 

for cold neutron imaging at SINQ. Nuclear Instruments and Methods in Physics Research Section A: Accelerators, Spectrometers, Detec-
tors and Associated Equipment 659 (11), 387393.

[6] Schulz M., Schillinger B. 82015). Antares: Cold neutron radiography and tomography facility. Journal of large-scale research facilities, 
1, A17.
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LOW TEMPERATURE CAPTURE AND RELEASE OF FLUORINE DURING 
BRICK MANUFACTURING 
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The origin and the dynamics of fluorine emission caused by the brick industry have been investigated intensively 
during the last decade in Europe.

We studied the raw material from a brickyard where, unlike in other Hungarian brick works, fluorine emission had 
been above the threshold limit before a fluorine absorber unit was installed years ago. Our previous results indicate 
that local geological factors (e.g. volcanic activity during the deposition of clay) may result in elevated fluorine 
concentration in the clay which caused the high emissions. 

We found that the final brick products, fired at a temperature around 950-1000 °C still contain a substantial amount 
of fluorine in form of fluorite (CaF2) grains of several ten micrometres in diameter, indicating that the expected 
primary cause, the high temperature (> 550-600 °C) fluoride release, caused by the dehydroxilation process of clay 
minerals (OH- and F- release) may have only limited contribution to the elevated fluoride content of the combustion 
gases. 

It is known [1], that during brick manufacturing in industrial tunnel kilns, where water vapour - in contrast to the 
laboratory kiln experiments - is present, fluorine emission starts at temperatures around 400 °C, far below the start 
of dehydroxilation in clay minerals. We assume that this lower temperature fluorine release may be responsible for 
the bulk of the emitted/filtered fluoride content of the gases in the case of the brick factory studied.

In this work the raw material was fired in dry and wet atmospheres at different temperatures in the 300-600 °C 
range in order to collect data on the low temperature behaviour of fluorine and the influence of water vapour on the 
emission. We tested also the fixation possibilities of fluorine generated by low temperature wet firing.

The determination of the fluoride content was made using ion-selective electrode technique and the mineralogical 
composition was analysed by SEM and XRD.

Additional to that low-end temperature study we run systematic tests on how the yield of the alkaline fusion ap-
plied as preparatory step in ion-selective electrode technique depends on the used temperature. Since this could 
affect the accuracy of the measurements a series of experiments were carried out in which we used different firing 
temperatures and time spans during the fusion.

Our goal is to propose a realistic technological change for the brick factory in order to lower the fluorine emission 
levels with the enhancement of the retained amount of fluorine.

[1] Monfort, E., García-Ten, J., Celades, I., Gazulla, M.F., Gomar, S. (2008). Applied Clay Science, 38(3-4): 250-258.
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THERMAL RESPONSE OF SMECTITE TO THE 2011 TOHOKU 
EARTHQUAKE IN THE SHALLOW PORTION OF THE JAPAN TRENCH
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The hydration behavior of smectite during brief and protracted heating intervals can give critical information about 
the temperature history of a fault during seismogenic slip and creep. Pelagic-sourced smectite is the most abundant 
clay mineral that is incorporated into the slip zone drilled during JFAST (Japan Trench Fast Drilling Project) Expe-
dition 343 in the Japan Trench, located at ~820 mbsf. Core samples have been taken to characterize clay minerals 
in fault rocks of an active plate-boundary fault that produced a displacement of ~50 meters during the Tohoku 
earthquake of 2011. Sudden slip was postulated to have quickly generated high local heat, with temperatures in 
a narrow slip zone increasing briefly, as proposed by Fulton et al. [1]. Assuming a slip duration of 50 s and a slip 
zone thickness <1 mm, they proposed a maximum peak temperature within the slip zone as high as 1250 °C, com-
bined with a very low coefficient of friction of 0.08. In order to analyze the swelling capacity of smectite during 
brief (2-5 min) and protracted (5 hours) temperature changes, we heated samples in intervals of 25 °C from 25 to 
225 °C at different rates, using a temperature stage attached to an X-ray diffractometer [2]. 

Discrete smectite and illite are the most abundant clay mineral types detected in the core by X-ray diffractometry. 
The smallest clay size fractions 0.05-0.5 microns show pure smectite with a characteristic interlayer distance of 1.2 
nm that increases to 1.7 nm after ethylene glycolyzation, indicating up to 3 water layers. Chemical compositions of 
the clay size fraction (<2 micron) analyzed by ICP-OES show a significant amount of Fe, and lesser Mg and K in 
these smectite minerals that are pelagic in origin. We observe that (i) both slow and fast heating causes reduction 
of water interlayers in smectite between 50-200 °C, with a delay of water-release during quick heating at tem-
peratures up to 150 °C, (ii) smectite recovers more quickly to the original hydration state after brief heating than 
protracted heating between 50-150 °C, and (iii) non-recoverable collapse of all smectite occurs at temperatures 
>200 °C, regardless of the heating rate. Based on these results, we conclude that frictional heating cannot exceed 
a temperature of 225 °C when smectitic clays are present in the fault gouge. With water available at depth and 
temperatures less than 200 °C, swelling properties of smectite-rich fault rock are preserved. The occurrence here 
indicates that shear heating at the sampled site of the Tohoku earthquake was relatively low.

[1] Fulton P.M. Brodsky E.E.., Kano Y., Mori J., Chester F., Ishikawa T., Harris R.N., Lin W., Eguchi N., Toczko S., Expedition 343, 343T, 
and KR13-08 Scientists (2013). Low coseismic friction on the Tohoku-Oki fault determined from temperature measurements. Science, 
342, 1214-1317. 

[2] Schleicher A.M., Boles A., van der Pluijm B.A. (2015). Response of natural smectite to seismogenic heating and potential implications 
for the 2011 Tohoku earthquake in the Japan Trench. Geology, 43, 9, 755-758. 
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THE DEVELOPMENT OF SLICKENLINED SPOTS IN CLAY-RICH 
MUDROCK OF THE NANKAI TROUGH ACCRETIONARY PRISM, JAPAN

ana Crespo-blanC (1), anja m. sCHleiCHer (2)*
(1) Departamento de Geodinamica-IACT, Universidad de Granada-CSIC, Granada, Spain, (2) Helmholtz-Center Potsdam, 
GFZ German Research Center for Geosciences, Potsdam, Germany

Clay minerals are common in the sediments of the Kumano basin and the underlying accretionary prism of the 
Nankai Trough, Japan, discovered during phases one to three of the NanTroSEIZE (Nankai Trough Seismogenic 
Zone Experiment) drilling project, which is part of the International Ocean Discovery Program (IODP). During 
Expedition 348, a riser hole (C0002N/C0002P) was drilled down to 3059 mbsf (meters below surface) into the 
accretionary prism. Cuttings have been taken throughout the borehole, whereas core was recovered between 1663 
and 1712 mbsf. The bulk rock mineralogy determined on board the drillship shows abundant illite and smectite as 
well as minor chlorite/kaolinite, which makes this site an excellent setting to study the properties of clay minerals 
in marine sediments of a subduction system, by comparing their role in fluid-rock interaction and faulting in the 
accretionary prism.

Cuttings from both the 1-4 mm and >4 mm size fractions were investigated, showing abundant slickenlined sur-
faces and deformation bands together with very few carbonate veins throughout the section from 1045.5 to 3058.5 
mbsf. A scaly fabric is increasingly observed below approximately 2400 mbsf. Some clay-rich cuttings and core 
pieces were selected at different depths for specific SEM-EDS analysis, in order to investigate the development 
of the slickenlines in more detail. Two end-members of the slickenlined surface types were observed: (i) isolated 
smooth and uniform planes between 20 and 50 microns long, formed in single grains of smectite clay with marked 
lineation and frequently jagged boundaries, and (ii) microfaults (longer than 100 microns) with sharp boundaries to 
the undeformed rock, formed by aggregates of illite and smectite and with well-developed lineation. The transition 
between these two end-member types show isolated planes that draw a single plane with subparallel lineations. 
The orientation of the slickenlines seem to be coherent with that observed in an array of conjugated faults, which 
means all the slickenlines belong to the same plane, in turn sub-perpendicular to the intersection of the conjugated 
planes. These observations suggest that the slickenlined surfaces initiated along single grains of smectite. With 
increasing deformation, the planes coherently connected until the formation of a mature slickenline surface (mi-
crofault). The described geometry was observed at all depths and the same process of formation seem to be valid 
for the entire drilled section of the Nankai accretionary prism.
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MOLECULAR MECHANISM OF DISSOLUTION, GROWTH AND ION 
UPTAKE OF CLAY MINERALS AT THE MINERAL/WATER INTERFACE

rené sCHliemann (1)*, inna kurGanskaya (1), serGey v. CHurakov (1,2)
(1) Institute of Geology - University Bern, Bern, 3012, Switzerland, (2) Paul Scherrer Institute, Villigen PSI

Due to the high sorption capacity, clay minerals and clay rich rocks are widely used as backfill material in dispos-
al sites to protect the environment from toxic waste, heavy metal contaminants and radionuclides. The interplay 
between adsorption and desorption, crystal growth and dissolution and changes in pore water chemistry is of key 
importance for the prediction of the pollutants transport and retention in geochemical environment over time. At-
omistic simulations can help to obtain a deeper understanding of the underlying mechanisms and their respective 
time scales. Several aspects of the uptake processes have been investigated. Nevertheless, a complete and consist-
ent description of those has not been achieved yet, especially when it comes to the uptake of surface complexing 
ions. While the exchange reaction of interlayer cations or the adsorption at the basal planes is well understood 
(Rotenberg et al., 2009) and can be related to hydration energy of the cation, the sorption process on the edge sites 
is on the other hand quite complex (Churakov & Daehn 2012). The latter is known to be pH dependent, which re-
sults from different protonation states of the surface oxygen sites that change the surface affinity towards adsorbed 
ions. Furthermore, the dissolution and growth of clay platelets at the edge sites most likely modify the surface 
topography and the availability of sorption sites (Kurganskaya & Luttge, 2013). These processes are responsible 
for a durable entrapment of contaminants since they involve direct structural incorporation of hazardous ions.

In this study, we investigate the molecular mechanism of clay mineral dissolution at edge sites by ab initio molec-
ular dynamics simulations based on density functional theory. We use the Metadynamics (MtD) approach (Laio & 
Parrinello 2002) to obtain activation energies for subsequent detachment/attachment of mineral building tetrahe-
dral and octahedral ions at the edge sites. Initial simulations are performed for pyrophyllite which represents a ref-
erence model for an uncharged phyllosilicate (TOT structure type). The most stable (110) edge surface was studied 
first. The system size and the amount of water between the edge surfaces was chosen to minimize the interaction 
between opposite surfaces and to maintain the water density in the middle of the water slit pore close to 1 g/cm3. 
Coordination numbers for different atomic pairs were used as collective variables (CV) for the MtD.

The preliminary simulation results in pH neutral water show that dissolution of the silicon tetrahedron, forming 
a structural step at the edge, is going through at least three steps by breaking all three oxygen bridges to neigh-
bouring Si-tetrahedrons (Si(t)) and one Al-octahedron (Al(o)). Plotting the free energy surface with CVs as coor-
dinates shows a global minimum that is the initial state and local minima corresponding to the dissolution steps. 
Activation energies were obtained through the minimum energy pathways between these two types of minima. The 
information regarding the mechanisms and energies has extreme importance for the parametrisation of the kinetic 
Monte Carlo (KMC) models of dissolution, growth and surface adsorption. Based on the previous KMC approach 
(Kurganskaya & Luttge 2013), we are developing a model of montmorillonite particle dissolution and growth as a 
function of saturation state. In this study, we demonstrate the influence of the activation energies for Mg-O-Si and 
Al-O-Si bond breaking on the step edge morphology. The corresponding parameter sensitivity study will be fur-
ther followed by a new ab-initio based parameterization approach, where the above mentioned molecular models 
incorporating interface water structure and lattice size influence are adopted.

[1] Churakov, S. V., R. Daehn (2012). Zinc Adsorption on Clays Inferred from Atomistic Simulations and EXAFS Spectroscopy. Environ-
mental Science and Technology 46, 5713−5719.

[2] Rotenberg, B., J.-P. Morel, V. Marry, P. Turq, N. Morel-Desrosiers (2009). On the driving force of cation exchange in clays: Insights from 
combined microcalorimetry experiments and molecular simulation. Geochimica et Cosmochimica Acta 73(14), 4034-4044.

[3] Kurganskaya, I., Luttge, A. (2013). A comprehensive stochastic model of phyllosilicate dissolution: Structure and kinematics of etch pits 
formed on muscovite basal face. Geochimica et Cosmochimica Acta 120, 545-560

[4] Laio, A., M. Parrinello (2002). Escaping free-energy minima. Proceedings of the National Academy of Sciences of the United States of 
America 99(20), 12562-12566.
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STATISTICAL ANALYSIS OF CHLORITE COMPOSITIONAL DATA IN 
CRETACEOUS SEDIMENTS OF THE MAGALLANES BASIN, CHILE

susanne tH. sCHmidt (1)*, solveiG pospieCH (2), annette süssenberGer (1)
(1) Department of Earth Sciences, University of Geneva, Geneva, Switzerland, (2) Geoscience Centre, University of 
Göttingen, Göttingen, Germany 

Chlorites of three different stratigraphic formations and two lithologies (metapelite, sandstone) were analyzed 
in order to establish correlations between chlorite chemistry and lithology, stratigraphic units and metamorphic 
degree. The chlorites originate from the Cretaceous, dominantly metapelitic, deep-marine Zapata, Punta Barrosa 
and Cerro Toro formations in Patagonia (Chile, 51°S) which were deposited in the Magallanes foreland basin. The 
thermal evolution of the Magallanes Basin is characterized by a complex pattern of diagenetic, anchizonal and 
epizonal overprints related to burial, deformational thrusting and contact metamorphic events [1].

The chemical composition of the chlorites (N>1100) from a total of 28 samples was determined by microprobe 
analysis. Linear discriminant analysis (LDA) was applied to all chlorite measurements in order to determine which 
element ratios discriminate between the different groups. Prior to statistical analysis the concentrations of elements 
were transformed into logratios (ilr) in order to avoid spurious correlations in the compositional data.

The statistical analysis reveals (1) that the three formations can be discriminated best by their Mn/Fe ratio in 
chlorites, but also by the Mn/Si, Mn/Al and Mn/Mg ratios. Other elements such as Na, Ca, K, Ti occurring only 
in minor quantities are negligible. (2) No change in chlorite chemistry between metapelites and sandstones within 
the same formation can be observed. (3) Chlorites of epizonal conditions show a feeble tendency of higher Mg, Fe 
and Al concentration in respect to Ca and Si when compared to anchizonal chlorites.

Chlorites of the Punta Barrosa Formation show an average Mn/Fe ratio of 0.026 compared to 0.011 for chlorites of 
the Cerro Toro Formation. Chlorites originating from the Zapata Formation display a value of 0.005. The observed 
discrimination potential of the Mn/Fe ratio was compared and correlates with the Mn/Fe ratio of whole rock X-ray 
fluorescence analysis data. 

The particularly high Mn content of the Punta Barrosa Formation may be explained by higher bottom water O2 
levels during deposition and early diagenesis compared to the Cerro Toro and Zapata formations. Interestingly, 
different metamorphic conditions from diagenesis up to greenschist facies do not change this trend. Equilibration 
and recrystallization processes in chlorites associated with thermal events apparently affect only the tempera-
ture-dependent Si/Al and Fe/(Fe+Mg) ratios, but not the Mn/Fe ratio. Therefore, the Mn/Fe ratio in chlorites may 
serve as an additional robust parameter for the discrimination of stratigraphical formations.

[1] Süssenberger A., Schmidt S., Segvic B., Baumgartner L. (2016). Contact vs regional metamorphism in the area of Torres del Paine (South-
ern Chile) - combining Raman spectroscopy and clay investigations. Geological Society of America Annual Meeting, Abstract, Denver. 
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MINERALOGY OF DIAGENETICALLY FORMED IRON SULFIDE 
CONCRETIONS IN ARCTIC GAS HYDRATE SEDIMENTS: ARE CLAYS 
THE SOURCE OF IRON?

jasmin sCHoenenberGer (1)*, joCHen knies (1,2), karl fabian (1)
(1) Geological Survey of Norway, NO-7491 Trondheim, Norway, (2) CAGE - Centre for Arctic Gas Hydrate, Environment 
and Climate; Department of Geosciences, UiT The Arctic University of Norway, NO-9037 Tromsø, Norway

Arctic gas hydrate reservoirs are threatened by global warming. Observations of extensive methane venting to the 
hydrosphere and atmosphere off Svalbard and Siberia raised speculations that rising temperatures in the Arctic 
could cause destabilization of hydrates. Increased methane release to the atmosphere may contribute to accel-
erated global warming. To understand the process of methane leakage as well as to locate new methane hydrate 
occurences, sediment samples were studied from the Yermak Plateau, NW Svalbard (Ocean Drilling Program Sites 
910 and 911). 

Rock magnetic properties identify high amounts of post-sedimentary formed iron-sulfide concentrations poten-
tially associated with episodic impregnation of ascending methane towards the seafloor.

Preliminary XRDP analyses were performed on both iron sulfide concretions and their sedimentary host rocks. 
Rietveld quantification indicates the following compositions:

Sedimentary host rock    Iron sulfide nodules 
quartz  (~36 wt%)    goethite (~20 wt%)
K-feldspar (~13 wt%)    lepidocrocite (~18 wt%)
plagioclase (18 wt%)    greigite (~29 wt%)
chlorite (~12 wt%)    sulfur alpha (~23 wt%)
mixed-layered illite-smectite (~21 wt%)  quartz and (Fe-)kaolinite (each ~5 wt%) 

The occurrence of greigite can be associated with anaerobic oxidation of methane or with the formation of gas 
hydrates. It forms under more reducing conditions than pyrite [1,2], and its preservation requires a delicate balance 
between (hydro)carbon, sulfide and reactive iron. 

A partial aim of this study is to shed light on the sources of sulfur and particularly iron. Sulfur as H2S most likely 
resulted from CH4-driven sulfate reduction [3]. Iron could have been leached from iron oxides in the host sedi-
ments. However, XRDP results confirmed their absence and rather indicate chlorite as the only Fe-bearing mineral 
phase. Under acidic conditions, Fe2+ (and Mg2+) can be leached from chlorite and the released ions could have been 
transported as organic chelates [4].

Further studies (SEM combined with EDS, microscopy) are necessary to confirm this assumption so that the com-
plete formation process as well as the significance of associated clay minerals can be understood.

[1] Jørgensen B.B. (1977). The sulfur cycle of a coastal marine sediment (Limfjorden, Denmark), Limnology and Oceanography 22, 814-832. 
[2] Hunger S., Benning L. (2007). Greigite: a true intermediate on the polysulfide pathway to pyrite. Geochemical Transactions 8, 1-20. 
[3] Neretin L.N., Böttcher M.E., Jørgensen B.B., Volkov I.I., Lüschen H., Hilgenfeldt K. (2004). Pyritization processes and greigite formation 

in the advancing sulfidization front in the Upper Pleistocene sediments of the Black Sea. Geochimica et Cosmochimica Acta 68, 2081-
2093.

[4] Stucki J.W., Goodman B.A., Schwertmann U. (1988). Iron in Soils and Clay Minerals. D. Reidel Publishing Company, Holland. 893. 
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STABILITY OF TETRABUTYLPHOSPHONIUM BEIDELLITE 
ORGANOCLAY - DFT AND EXPERIMENTAL STUDY
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Modification of clay minerals by organic cations is a subject of a great interest because of possibility to develop 
new materials with specific properties for new technological applications e.g. polymer-clay nanocomposites, ac-
tive sorbents, drug release retardation from biocomposite hydrogels, storage of radioactive waste, reinforcement 
of anti-microbial paper packaging improving its tensile strength, etc. In a recent time, closer attention is also paid 
to phosphonium-based organic cations that could be used to prepare organoclays with improved properties and 
higher stability than organoclays prepared with conventional alkylammonium cations [1,2].

This work reports experimental and modeling study of organoclays prepared from tetra-alkylphoshonium cations 
and beidellite (Bd). Beidellite is aluminosilicate smectite with predominant cation substitutions in tetrahedral 
sheet, in contrast to frequently used smectite montmorillonite (Mt), in which octahedral substitutions prevail. This 
leads to a different charge distribution in layer that can improve a stability of prepared organoclays from beidellite. 
Tetrabutylphosphonium-beidellite (TBP-Bd) organoclay was synthetized by intercalation of the organic cation 
into the purified sodium beidellite form and was characterized by X-ray Diffraction (XRD), Differential scanning 
calorimetry (DSC), and Fourier transform infrared spectroscopy (FTIR) methods. Observed main thermal decom-
position peak at 444 °C uncovered the enhanced thermal characteristic of this unique TBP-Bd in comparison to 
TBP-Mt organoclay. Infrared spectra exhibited typical beidellite vibrations at 417, 474, 534, 1041, and 3658 cm-1 
assigned to the vibrations of beidellite structure whereas the bands at 2962 and 2872 cm-1 were assigned to the C-H 
stretching vibrations of the organic cation.

Further, density functional theory (DFT) method was employed to study a stability and detailed structure of beidel-
lite intercalated with tetrabutylphosphonium cation. The eight models with different mutual positions of TBP cati-
on and Al/Si substitution in the tetrahedral sheet were proposed for this study. The calculated intercalation energies 
showed a much better stability of all TBP-Bd models in comparison to the TBP-Mt model. The lowest calculated 
intercalation energy of the TBP-Bd (-96.5 kJ/mol) was ~25% higher (in absolute value) than for the TBP-Mt (-72.2 
kJ/mol, [2]). The predicted higher stability of the TBP-Bd organoclays is in accord with experiment.

Acknowledgements: the authors are grateful for the financial support by the Slovak Grant Agency VEGA (Grant 2/0141/17) and Slovak Re-
search and Development Agency (APVV-15-0741 and APVV-15-0347).

[1] Scholtzová E., Madejová J., Jankovič L., Tunega D. (2016). Structural and spectroscopic characterization of montmorillonite intercalated 
with N-butylammonium cations (N=1-4) - modeling and experimental study. Clays and Clay Minerals 64, 399-410.

[2] Scholtzová E., Tunega D. (2017). On stability of montmorillonite intercalated with tetrabutylphosphonium and tetrabutylammonium 
cations - computational study. Applied Clay Sci, submitted.
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K-Ar AGE DETERMINATIONS ON THE CLAY SIZE FINE FRACTIONS OF 
ILLITE “CRYSTALLINITY” INDEX STANDARD (CIS) SAMPLES 
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Eight clay mineral “Crystallinity” Index Standards (CIS) [1] from the Palaeozoic rocks of southwest England were 
investigated systematically for the first time in five sub-fractions per sample. Together with illite “crystallinity” 
data measured by the Kübler Index (KI), a detailed determination of the mineralogical and illite polytype compo-
sition, K-Ar ages and extrapolated ages were performed. Grain size separation was carried out by the combined 
Atterberg-centrifuge method and results were monitored by laser particle sizer and SEM images. CIS calibrated 
KI values were used to determine the regional metamorphic grade of the samples applying the the Kübler-equiv-
alent [2] anchizonal boundary limits of Warr & Mählmann (2015) [3]. Our results are consistent with previous 
studies, exhibiting a range of grades from diagenetic to epizonal values for samples SW1 to SW7. Illite polytype 
compositions also conform to that expected from the KI data with diagenetic and anchizone samples (SW1-SW5) 
containing mixtures of 1M (largely 1Md) and epizone rocks(SW6-SW7) with only the 2M1 polytype. The K-Ar 
age values for the diagenetic and anchizonal samples of the Upper Carboniferous rocks of the Culm Basin show 
a strong trend of becoming younger with decreasing grain size. Following the procedures of illite age analysis 
documented by Grathoff & Moore (1996) [4] and Pluijm et al. (2001) [5], the extrapolated 1M illite ages for two 
of these samples yield Permo-Triassic (ca. 233-265 Ma) ages indicating prolonged neocrystallization of the illite 
probably related to early Mesozoic hydrothermal fluid events. The origin of the detrital component in the Upper 
Carboniferous samples was probably derived from Lower sequences Palaeozoic rocks in the north. In contrast, 
the epizonal grade samples, SW6 and SW7, from the Tintagel High-Strain Zone (THSZ), that reached the highest 
grade of metamorphism in southwest England [5], do not show significant differences between the grain-sizes 
and yield Permian ages of 268-294±7 Ma and 273-282±5 Ma. These ages match previous whole rock K-Ar ages, 
recalculated from Dodson & Rex (1971) [6]. As these rocks reached temperatures in excess of 350 °C and there is 
no indication of detrital age contamination of the size fraction separated, the ages of the2M1 polytype are consid-
ered to represent cooling ages that post-date the peak of metamorphism. However, the possibility of are juvenating 
event influencing the smallest fine fractions cannot be excluded, especially as the< 0.2 µm SW6sampleyieldsa 
young age of 268±6 Ma, which is equivalent to the proposed age of authigenic 1M illite formed in the Upper Car-
boniferous Culm rocks. In contrast, the K-Ar values of upper anchizonal Devonian slates (SW3-2012 and SW4)to 
the south of the THSZ show again larger age ranges between the finer and coarser grain size fractions (286-339±5 
Ma and 308-349±7 Ma), similar to that recorded in the Upper Carboniferous anchizone grade rocks sampled to 
the north of the THSZ. Here, the age of the authigenic1M illite also indicates Late Carboniferous/Early Permian 
or younger events. These ages are significantly younger than those previously interpreted from published whole 
rock K-Ar and Ar-Ar ages [7]. 

[1] Warr L.N., Rice A. (1994). Interlaboratory standardization and calibration of clay mineral crystallinity and crystallite size data. Journal 
of Metamorphic Geology, 141-152.

[2] Kubler B. (1966). La cristallinité de l’illite et les zones tout à fait supérieures du métamorphisme.
[3] Warr L.N., Mählmann R.F. (2015). Recommendations for Kübler Index standardization. Clay Minerals, 283-286.
[4] Grathoff G.H., Moore D. (1996). Illite polytype quantification using WILDFIRE© calculated X-ray diffraction patterns. Clays and Clay 

Minerals, 835-842.
[5] Pluijm B.A. van der, Hall C.M., Vrolijk P.J., Pevear D.R., Covey M.C. (2001). The dating of shallow faults in the Earth’s crust. Nature, 

172-175.
[6] Dodson M.H., Rex D.C. (1971). Potassium-argon ages of slates and phyllites from south-west England. Quaterly Journal of the Geolog-

ical Society, 465-498.
[7] Warr L.N., Primmer T., Robinson D. (1991). Variscan very low-grade metamorphism in southwest England: a diastathermal and thrust-re-

lated origin. Journal of Metamorphic Geology, 751-764.
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MONTMORILLONITE NANODEVICES AS FUNCTIONAL DRUG 
DELIVERY SYSTEMS
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The topic of drug administration captures the interest of many scientists and engages them in solving the cogent 
problem of either over-dosing or under-dosing windows. Considerable efforts have therefore been devoted to the 
design of appropriate drug delivery systems (DDS) aimed at improving the efficiency and the safety of the prod-
uct. In this context, montmorillonite (Mt), attracted a great deal of attention because of its noteworthy properties 
including large specific surface area, good adsorption ability, cations exchange capacity, adhesive ability, and 
drug-carrying and releasing capability.

In the present work the potential applicability of Mt, and surfactant-modified Mt as delivery systems for two 
different class of drugs, namely the antibiotic metronidazole (MNE) and the cinnamic acid (CA) were evaluated. 

The pharmacokinetic profile of the conventional tablet of both drugs indicates the requirement of effective strat-
egies for the administration of drug, aiming at minimizing secondary effects, increasing drug bioavailability and 
stability or even exhibiting high accuracy in reaching the target has become significant.

In this perspective a series of drug/clay hybrids were prepared by varying the pH and the amount of loaded drug. 
Complementary kinetic and equilibrium studies were carried out in order to elucidate the adsorption mechanism 
and to establish the nature of the interactions involved. Moreover the interactions sites of the clay surface were 
proposed on the bases of the XRD results.

Very useful information was obtained by the in vitro release studies, and from the comparison with the commercial 
formulation of the drug, which reveal not only that the new-tailor made formulation could be fruitful exploited for 
successfully prolonged the action of drug in the target site but the use of these nanodevices reduce both time and 
costs for the drug delivery.
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In biological fluids, drug delivery systems can reduce side effects of toxins and create an appropriate concentra-
tion of drug at the treatment site. Chitosan hydrogel have become a potential drug delivery systems for carriers 
of bioactive compounds. Biodegradable and biocompatibility of chitosan have been interested in preparation of 
carrier systems. Chitosan film was prepared by solvent casting method and evaluated them in terms of uniformity, 
swelling rate and disintegration time, it was used as a drug delivery system of podophyllotoxin. The drug release 
rate follows the first order model. Converting chitosan to co-polymer chitosan-acrylamide improves drug delivery 
rate and provides the opportunity to use it. We prepared chitosan, montmorillonite (MMT) nanocomposite as a 
natural- based nanocomposite film. It was made by mixing of two different concentration of clay particles suspen-
sion in a chitosan solution. The preparation of organo-montmorillonite removed trapped water molecules from the 
montmorillonite, and formed composite film without bubble, as shown by the DSC analysis.
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ON THE OCCURRENCE AND ORIGIN OF EOGENETIC Fe-Mn NODULES 
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The soils and surface sediments of Geneva basin located in western Switzerland are intrinsically tied to the last 
Alpine glaciation that reached its maximum around 20 to 22 ky BP. Substantial areas have thereafter become free 
of ice due to the global warming and subsequent glacier retreat [1]. Colluvial and alluvial processes are considered 
parental to the young Holocene sediments featured by some remarkable eogenetic phenomena like the formation 
of ferromanganese nodules, which is discussed in this contribution. Namely, along the hillside of Grand-Saconnex, 
a locality situated within the Geneva city limits, recent archaeological excavations have revealed a nicely devel-
oped ~1.5 m thick exposure of post-glacial sediments. The sequence consists of reworked glacial till, preceded by 
several distinct layers of clayey to sandy deposits [2]. At the interface of two colluvial units, the upper very fine 
grained and the lower marked by the brown-orange alterations, a cm-thin zone rich in Fe-Mn nodules has been 
reported. A detailed X-ray elemental mapping coupled with XRD and XRF investigations has been performed in 
order to understand occurrence modes as well as the origin of such mineralization. The nodules host layer mainly 
consists of illite, chlorite, several mica varieties, mixed-layer illite-smectite, quartz and amorphous matter. In ad-
dition, myriad ferromanganese concretional forms are present, attaining up to 1.5 mm in diameter size. Compared 
to adjacent layers, 10 to 15 times higher concentrations of Fe and Mn were reported in nodule-rich domains. The 
nodules are spherical to subangular, with an onion-like quasi-layered internal architecture marked by selective en-
richments of Fe and Mn. Iron is preferentially encountered along the rims, whilst Mn is mostly concentrated in the 
nodules’ cores. An increasing porosity gradient has been reported toward the centre of the nodules, which points 
to the secondary pore filling that must have commenced tangentially to the nodules’ rim. Mineralogy of nodules 
reflects the composition of the host sediment with an exception of very low crystalline, practically amorphous, 
Fe-Mn aggregates present solely within the studied concretional forms. In comparison to the neighbouring collu-
vial layers, the nodule-rich sediment level is 10 to 100 times enriched in igneous and metamorphic phases such as 
olivine, Cr-spinel, clinopyroxene, amphibole, garnet, chlorite and biotite. Furthermore, this layer shows different 
clay mineral content, which is devoid of hydroxyl-interlayered minerals typical for the rest of the colluvium. 

The above-mentioned Fe-rich mineral suite of magmatic and metamorphic origin, reported in the nodule-rich 
layer, is believed to have served as a feedstock of Fe and Mn. Most probably, the morphology of terrain receptive 
to water retention, caused favourable pH-Eh conditions that enhanced mobilization of Fe and Mn in their soluble 
forms eventually leading to their dispersion within the host sediment. Electron microscopy identified exfoliated 
chlorite, and presumably metamorphic vermiculite (mixed 10-14 Å sheet silicates), as the most evident sources of 
iron. Oscillating redox conditions triggered the precipitation of Fe and Mn in the form of low-crystalline aggre-
gates attached to the outer surfaces of illite crystallites. This process ultimately saw an end with the formation of 
nodules thoroughly cemented by Fe-Mn mineralization.

[1] Labhart T (2004). Geologie der Schweiz. Otto Verlag, 211 pp.
[2] Besse M., Steimer-Herbert T (2015). Le Pré-du-Stand - Rapport des fouilles archéologiques. Université de Genève, 319 pp.
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The BELBaR project was a collaborative project based on the desire to improve the long-term safety assessments 
for geological disposal facility concepts for spent fuel/ high level waste that combine a clay engineered barrier 
system (EBS) with a fractured rock. BELBaR partners included national radioactive waste management organisa-
tions (WMOs) from a number of countries, research institutes, universities and commercial organisations working 
in the radioactive waste disposal field.

The main aim of the BELBaR project was to increase the knowledge and reduce uncertainties with respect to the 
processes that control clay colloid generation, stability and their ability to transport radionuclides and reduce un-
certainties in the description of the effect of clay colloids in long-term performance assessments. 

The mechanisms of bentonite erosion from the compacted bentonite barrier of a waste repository, leading to the 
generation of (colloidal) particles detaching from the clay, are being deeply investigated in the BELBAR Project. 
Different possible scenarios were considered: the static system, where the transformation of the hydrated bentonite 
gel to a sol is mainly a chemically driven process and the dynamic one where other hydraulic aspects, as water 
velocity or fracture geometry must be considered.

Colloid mobility controlling processes in the geosphere and the effect of the mobile colloidal phase on the trans-
port of radionuclides in the far-field environment of a deep geological repository in crystalline formations were 
investigated. The investigations focussed on one hand side on microscale investigations and on the other hand 
side on macroscale investigations including work in near-natural systems. Another main focus was on the process 
understanding of radionuclide colloid interaction with a special emphasis on sorption reversibility.

Because colloid stability depends on the chemistry of the aqueous environment, the stability studies were per-
formed to analyse whether or not clay colloids aggregate depending on several chemical and physical parameters, 
such as pH, ionic strength, temperature, presence of different inorganic ions and organic ligands.

The overall aim of the project was to use the experimental data obtained to produce quantitative models that could 
be used to estimate the magnitude of bentonite colloid generation and transport in a waste repository. The key 
focus has been on a dynamic model for pure smectite swelling and colloid release that accounts for competing 
attractive and repulsive forces between the smectite particles as well as on them by thermal movement (Brownian 
motion) and gravity. Important factors in the model are gel/sol behaviour and expansion, ion exchange and influ-
ence of calcium and other divalent ions and friction in fractures. 

The key outcome of the BELBaR project was a list of recommendations for the potential to review the treatment 
of colloids in future performance assessments.
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Because of climate and cropping system changes, sap sucking insects (Oder: Hemiptera) have become major 
agricultural pests in Korea and other Asian countries [1]. The adults and nymphs of Hemiptera cause damage 
by feeding on crops and transmission of plant viruses [1,2]. For effective control of the insect pests, synthetic 
aggregation pheromone traps have been used commercially. Recently, cation modified zeolites were studied 
as pheromone dispensers for insect attractants [1]. Aggregation pheromone of Riptortus clavatus (Thunberg)
(Heteroptera: Alydidae) consisted of three components: (E)-2-hexenyl-(Z)-3-hexenoate, (E)-2-hexenyl-(E)-2-
hexenoate, and myristyl isobutyrate in a ratio of 1:5:7. To prepare a pheromone adsorbed dispenser, dehydrated 
powder bentonite was combined with an amount of aggregation pheromone, dissolved in methylene chloride 
and soaked to obtain the desired sorption loading after homogenization for 3 days. For comparable of adsorption 
capacity and diffusion rate, mesoporous molecular sieves MCM-41 and microporous titanosilicate ETS-10 were 
also prepared using the same procedure. The contents of adsorption and desorption into/onto three materials were 
investigated by gas chromatography analysis. While the adsorption capacity followed the trend bentonite > ETS-
10 > MCM-41, the desorption rates were MCM-41 > ETS-10 > bentonite, suggesting that bentonite has potential 
as an outstanding material for the development of a pheromone dispenser. 

[1] Seo S.M., Lee J.M., Lee H.Y., An J., Choi S.J., Lim W.T. (2016). Synthesis of nanoporous materials to dispense pheromone for trapping 
agricultural pests. J. Porous Mater., 23, 557-562.

[2] Chougule N.P., Bonning B.C. (2012). Toxins for transgenic resistance to hemipteran pests. Toxins, 4, 405-429.
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The Oued Belif structure belonging to the Nefza district (northern Tunisia) results of the post-collisional Cenozoic 
magmatism of the Mediterranean Maghreb margin. This structure, previously interpreted as a salt diaper coeval 
with Late Miocene magmatic activity, represents an elliptic configuration rimmed by Upper Miocene ferruginous 
breccias [1]. It encloses saliferous Triassic formation [1,2,3,4,5,6]. Through these chaotic deposits, calc-alcaline 
magmatic and metamorphic rocks were emplaced. They are represented by Ragoubet el Alia granodiorite (Serrav-
allian), Ragoubet es Seid and Oued-Arra rhyodacites (Tortonian) and skarn deposits [1,2,3,4,5,6]. The borehole 
carried out by the Tunisian Office of Mines indicated that these felsic igneous and the Triasic evaporates rocks are 
deep-rooted [6]. Furthermore, recently gravity and aeromagnetic data of northwestern Tunisia [7] has shown that 
the intrusive rocks were probably emplaced in the shallow levels of the crust. This concealed magmatic-hydrother-
mal complex cross-cut the allochthonous Numidian flysch. 

Below the tectonic breccia of Boukhchiba, mineralized veins and veins intercalated in the sedimentary series have 
been encountered. They are filled with clayey mineralization represented mainly by vermiculite, smectites, inter-
stratified illite/smectites and kaolinite associated with 2M1-phengite. 

The occurrence of these post magmatic clay mineral assemblage is thought to be a late stage hydrothermal infilling 
which can be related to the Late Mio-Pliocene reactivation of shear zone inherited from Hercynian orogeny.

Keywords: Oued Belif structure; diapir; magmatic activity, clayey mineralization; hydrothermal.

[1] Talbi, F., Jaafari, M. et Tlig, S. (2005). Magmatisme néogène de la Tunisie septentrionale: pétrogenèse et événements géodynamiques. 
Revista de la Sociedad Geológica de España 18 (3-4) 241-252.

[2] Negra, L. (1987). Pétrologie, minéralogie et géochimie des minéralisations et des roches encaissantes des basins associés aux structures 
tectoniques et magmatiques de l’Oued Bélif et du Jebel Haddada (Nord des Nefza, Tunisie septentrionale). PhD. thesis, Paris Sud Uni-
versity, France, p. 223.

[3]  Dermech, M., 1990. Le complexe de l’Oued Bélif-Sidi Driss (Tunisie Septentrionale) : Hydrothermalisme et métallogénie, unpublished 
PhD thesis, Univ. Paris VI, France, p. 336.

[4] Laridhi Ouazaa, N., (1994). Etude minéralogique et géochimique des épisodes magmatiques mesozoiques et miocenes de la Tunisie. Doc. 
Thesis, Univ. De Tunis II, p. 466.
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breccias: a Miocene iron oxide Cu-Au (U-REE) deposit in the Nefza Mining District, Tunisia. Economic Geology 108, 1379-1396, L., 
1987. Pétrologie, minéralogie et géochimie des minéralisations et des roches encaissantes des basins associés aux structures tectoniques 
et magmatiques de l’Oued Bélif et du Jebel Haddada (Nord des Nefza, Tunisie septentrionale). PhD. thesis, Paris Sud University, France, 
p. 223.
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One of the challenges of water technologies is treating trace concentrations of emerging organic pollutants in com-
plex matrices, such as treated wastewater (TWW). In this study, polymeric cyclodextrin-montmorillonite (poly-
CD-MMT) composites were designed as sorbents to remove both micro-pollutants and dissolved organic matter 
(DOM) from TWW. CDs are cyclic oligosaccharides which form complexes with many organic compounds due to 
their small hydrophobic cavity. CD can be polymerized and adsorbed to MMT to obtain composites with potential-
ly high affinity towards organic micro-pollutants. On the other hand, adsorbing PolyCDs substituted with cationic 
trimethylammonium forms composites which may possess a positive charge, promoting the removal of negatively 
charged DOM compounds. Hence, we designed polyCD based composites to specifically target micro-pollutants 
and simultaneously remove DOM compounds from TWW. The composites were employed for the removal of 
bisphenol A, a model hydrophobic micro-pollutant and DOM from TWW. 

Neutral (N) and cationic (C) PolyCDs were characterized by SEC-MALS, H NMR, zeta potential, FTIR and ele-
mental analyses and adsorbed to MMT to obtain N-polyCD-MMT (zeta potential -22 mV) and C-polyCD-MMT 
composites (zeta potential 32 mV), respectively. The adsorption of C-polyCD (0.3 g/g clay) was lower than that of 
N-polyCD (0.6 g/g clay), due to electrostatic repulsion between the highly charged C-polyCD. Initial composite 
optimization revealed almost complete removal of bisphenol A (BPA) (97% of 1 mg/L) by N-polyCD-MMT (0.5 
g/L), indicating that the CDs retained their ability to form a complex with BPA upon adsorption to MMT. Further-
more, the removal of BPA from spiked TWW was equally high. The removal of DOM itself by N-polyCD-MMT 
was negligible, indicating the specificity of N-polyCD-MMT for BPA. However, very high removal of DOM 
(95%) was reached by the C-polyCD-MMT composite, indicating the significant role of the cationic groups in 
DOM removal. On the other hand, BPA removal (mmol/g polyCD) was significantly lower in the case of C-poly-
CD-MMT. This may be due to different configurations of adsorbed polyCDs (C-polyCD vs. N-polyCD) or steric 
hindrance introduced by the cationic groups. Thus, a combination of composites possessing different characteris-
tics may be efficiently employed to remove a variety of hydrophobic micropollutants and DOM from TWW. 



Scientific Research Abstracts
Vol. 7, p. 698, 2017
ISSN 2464-9147 (Online)
XVI International Clay Conference | ICC 2017 | Granada, Spain
© Author(s) 2017. CC Attribution 3.0 License

EXPERIMENTAL STUDY ON STABILIZATION OF MOUNTAINOUS SOIL 
WITH LIME: APPLICATION FOR THE CONSTRUCTION OF ROADS

L. k. sharma*, t. n. singh

Department of Earth Sciences, Indian Institute of Technology Bombay, Mumbai- 400076, India 
*lksharmaiitb@gmail.com

Mountainous land is widely distributed throughout the world and the soils in such area are subjected to many 
construction projects. The long term durability and fitness of the projects depend upon the soundness of the en-
gineering behaviour of the soil. The analyses of the physical, mechanical and mineralogical properties of soil is 
extremely important for better and safe construction. The evaluation of the geotechnical properties of mountainous 
soil and its treatment with lime are fairly limited. In the study area (Orang-Kalaktang-Shergaon-Rupa-Tenga road, 
Arunachal Pradesh, India), most of the soil failure problems are encountered during roads construction and their 
widening. The present study was aimed to stabilize potentially expansive mountainous soil using lime, which is 
easily available and an eco-friendly additive. Geotechnical properties were assessed by measuring pH values, 
consistency limits, free swell index, compaction characteristics, unconfined compressive strength, modulus of 
elasticity, shear strength and wave velocity. Mineralogical and textural changes induced by the stabilization pro-
cess were studied by X-ray diffraction (XRD), scanning electron microscopy (SEM) and Fourier transform infra-
red spectroscopy (FTIR) analyses. The outcomes of the study indicate that the geotechnical and microstructural 
properties of the mountainous soil are considerably affected by the addition of lime. Additionally, the compressive 
strength of samples cured for 28 days increased four times than that of the untreated specimen, thereby suggesting 
the influence of curing time on the strength parameters. The results obtained from X-ray diffraction analysis, SEM 
and FTIR spectroscopy indicate the development of cementitious compounds. We suggest that this occurred due 
to cation exchange and pozzolanic reactions and it also produced noticeable changes in the engineering behaviour 
of mountainous soil. The results of the study show that mountainous soil can be stabilized satisfactorily with the 
addition of about 5% of lime.

Keywords: mountainous soil, lime, roads, stabilization.
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Mineralized tissues or biominerals of living organisms serve as examples of composite materials with highly hier-
archically organized structure from the nano- to the macroscale. A well-known example is provided by crustaceous 
shells containing highly structurally ordered crystalline chitin. When biomimicking the biomineral construction 
at nano/microscopic levels, material scientists could prepare bionanocomposites in which biopolymers were in a 
disordered state. By studying the formation of films from chitosan and saponite nanoplatelets by a new technique 
in which it proceeds in the self-organized manner [1,2], we have found out a novel crystalline polymorph consid-
ered in the presentation. 

Bionanocomposite films were prepared by a method that includes the initial formation of building blocks through 
the association of saponite nanoplatelets with chitosan macromolecules charged in situ and then their evapo-
ration-induced self-assembly into highly ordered nanocrystalline narrow rectangle microparticles with uniform 
thickness and high aspect ratio [3]. Their characterization by the SAXS, WAXS, SEM and TEM revealed the 
presence of crystalline polymorph unknown for chitosan with nanosized particles before. This polysaccharide 
classified as semi-crystalline demonstrates rich polymorphic behaviour. There are six known polymorphs called 
“tendon-chitosan” because of its preparation from a lobster tendon chitin, “annealed” or anhydrous form obtained 
by annealing at ca. 200 °C, “form I”, “form II”, “I-2”, “L-2”, separated from solutions with transition metals, min-
eral and organic acids. 

New polymorph possessed a nacre-like structure from alternating layers of two chitosan macromolecules and 
saponite nanoplatelets. The nanocrystalline narrow rectangle microparticles are stable, insoluble in water and 
organic solvents owing to the strong polysaccharide - nanoparticles association through numerous electrostatic 
interactions and hydrogen bonds that enabled one to separate them by a simple procedure. They might go to work 
as alternative to nanofibrils of chitin and cellulose, of which separation meets with severe difficulties, in such ap-
plications as reinforcing nanofillers in (bio)nanocomposites, packaging, biomedical materials, biomimetic optical 
nanomaterials, etc. 

[1] Shchipunov Y., Ivanova N., Silant’ev V. (2009). Bionanocomposites formed by in situ charged chitosan with clay. Green Chem.11. 1758-
1761. 

[2] Postnova I., Sarin S., Silant’ev V., Ha C.S., Shchipunov Y. (2015). Chitosan bionanocomposites prepared in the self-organized regime. 
Pure Appl. Chem. 87. 793 - 803. 

[3] Sarin S., Kolesnikova I., Postnova I., Ha C.S., Shchipunov Y. (2016). Bionanocomposite from self-assembled building blocks of na-
cre-like crystalline polymorph of chitosan with clay nanoplatelets. RSC Adv. 6. 33501-33509. 
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Biopolymers possess insufficient mechanical strength, high gas and water vapor permeability, low heat degrada-
tion temperature, etc., ranking much below petroleum-derived plastics in properties. However, they have decided 
advantages over the latter being in the biocompatibility, biodegradability and abundant renewable sources. Prop-
erties and performance are improved in substantial manner as ever biopolymers are combined with clay nanopar-
ticles. These composites are separated into an individual class of materials called “bionanocomposites” because of 
the particular preparation methods, properties and functionalities [1]. 

Here bionanocomposites are considered that are prepared from chitosan with clay nanoparticles (mainly saponite 
or sepiolite) by a new approach [2,3]. It is based on the property of this cationic polysaccharide to be in the charged/
uncharged state in accordance with the solution pH. By taken it in the uncharged form at pH a little higher than its 
pK value, chitosan is dispersed initially in a solution of exfoliated clay nanoparticles bearing negative charges. To 
make the polysaccharide charged, solution is gradually acidified. The transition of uncharged carbohydrate macro-
molecules into charged state results in electrostatic interactions in situ with neighbour anionic clay nanoparticles. 
If the pH change was made in a progressive way, the process proceeds in a self-organization manner, leading to the 
jellification without common precipitation. The method can be applied to prepare both monolithic hydrogel and 
homogeneous films [2-4]. Structure, morphology and properties of both the types of bionanocomposites were well 
characterized by various physico-chemical techniques including dynamic rheology, dynamic thermomechanical 
analysis, scanning and transmission electron microscopy, small-angle and wide-angle X-ray scattering. It was 
found that the tuned charging of polysaccharide macromolecules provided the jellification through the formation 
of a three-dimensional network consisting of fibrils. The films had pronounced stratified layer (nacre-like) struc-
ture from stacked nanoparticles and separated by aligned chitosan macromolecules. 

This approach provides an opportunity to prepare hydrogels of chitosan that belongs to nongelable polysaccha-
rides. Its advantage is that a chemical modification is not needed. Therefore, chitosan retains its main properties 
- biocompatibility, biodegradability, antimicrobial and wound-healing in full measure. Its films with clay nanopar-
ticles served as a good barrier decreasing permeability to water vapor. When fruits and vegetables were coated, it 
extended their shelf life without signs of infection over long period owing to reducing moisture loss and antimi-
crobial protection.

[1] Shchipunov Y. (2012). Bionanocomposites: Green sustainable materials for the near future.Pure Appl. Chem. 84. 2579 - 2607.
[2] Shchipunov Y., Ivanova N., Silant’ev V. (2009). Bionanocomposites formed by in situ charged chitosan with clay.Green Chem.11. 1758 

- 1761.
[3] Postnova I., Sarin S., Silant’ev V., Ha C.S., Shchipunov Y. (2015). Chitosan bionanocomposites prepared in the self-organized regime. 

Pure Appl. Chem. 87.793 - 803.
[4] Shchipunov Y., Sarin S., Silant’ev V., Postnova I. (2012). Self-organization in the chitosan-clay nanoparticles system regulated through 

polysaccharide macromolecule charging. 2. Films.Colloid J. 74. 636 - 644.
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Since Au, Ag and Cu nanoparticles (NPs) show surface plasmon resonance (SPR) and high catalytic activity, 
various synthetic methods have been reported mainly by chemical reduction, which requires hazardous reducing 
agents. Hence, photoreduction method has recently attracted attention due to its environmentally-friendly condi-
tion. Because absorption wavelength of SPR is dependent on their shape, syntheses of anisotropic NPs have been 
investigated energetically. Au triangular nanoplates (TNPs) have been synthesized by a combination of seed-me-
diated growth and addition of iodide ions, by using selective adsorption of I− on the {111} facet of the Au NPs [1]. 
Morphology control has also been achieved by arrays of Au or Ag NPs with protective agents on layered materials 
[2]. In spite of many reports on Au and Ag, Cu TNPs have yet been reported with high yield. Even so, we have 
assumed that the Cu TNPs would be obtained by the combination with saponite (Sapo). To apply the metal NPs to 
a catalyst, it is important to control their diameter and dispersibility. We have assumed that the diameter of the Cu 
NPs could also be controlled simply by [Cu2+]. In addition, because the Cu NPs could be synthesized on Sapo with 
the aid of the adsorption of Cu2+, they are expected to be dispersed with no protective agents due to electrostatic 
repulsion originating from the negatively-charged nanosheets. In the present study, we have synthesized the Cu 
NPs on Sapo by photoreduction, and controlled their diameter and dispersibility. We have also synthesized the Cu 
TNPs by the combination described above. Synthetic saponite (Kunimine Ind. Co.) was dispersed in Milli-Q water, 
and copper acetate aqueous solution and ethanol were added to the dispersion drop by drop. The mixed solution 
was irradiated by UV light to obtain a nanocomposite of the Cu NPs and Sapo (Cu−Sapo) [3]. To synthesize the Cu 
TNPs, a small amount of NaI aqueous solution was added to the photoirradiated solution, followed by further UV 
irradiation. We call a sample synthesized from x mmol L−1 of Cu2+ and y g L−1 of Sapo {x:y}, hereafter. The mixed 
solution turned red by the UV irradiation, which was characteristic of the SPR of spherical Cu NPs. We confirmed 
production of the oxide-free CuNPs by XRD measurement. An average diameter of {0.5:0.5} was determined to be 
11±4 nm. In contrast, that of {0.2:0.5} was decreased to 8±2 nm. This result suggests that the lower [Cu2+] is, the 
smaller the diameter is. Therefore, we concluded that the diameter can be controlled by [Cu2+]. Dropping speed of 
the copper acetate solution also changed the diameter. While the average diameter of {1:1} was 13±3 nm obtained 
by the drop-by-drop method, it got larger (20±2 nm) when the solution was added at once. Similarly, the diameter 
was also increased to24±6 nm from 13±3 nmin {2:2} by changing the dropping speed. These results imply that 
Cu2+ was segregated on Sapo by adding the solution at once. Thus, it was found that the dropping speed could con-
trol the diameter. It should be noted that Cu−Sapo in {1:1} was dispersed independently of the dropping speed, and 
no large aggregates were observed with the naked eye, while large aggregates were observed with flocculation in 
{2:2}, when the photoirradiated solutions was kept in darkness for 24 h. Therefore, we concluded that the dispers-
ibility was related to the formation of the large aggregates, and could be controlled without changing the diameter 
by [Cu2+] and [Sapo]. The Cu TNPs with sharp edges were obtained by the combination described above. Their 
edge length was between 100 and 200 nm, which was much larger than the diameter of the seed (ca. 30 nm). Thus, 
it was suggested that anisotropic crystal growth to form the sharp edges was induced due to the selective adsorp-
tion of I−on the {111} facets of the seed. Correspondingly, a new absorption band appeared at 820 nm in the UV-
vis-NIR extinction spectrum, which may originate from the in-plane dipole plasmon resonance of the Cu TNPs.
In summary, the oxide-free Cu NPs were synthesized by photoreduction of Cu2+ adsorbed on Sapo. The diameter of 
the Cu NPs were controlled by [Cu2+] and the dropping speed. The dispersibility of Cu−Sapo was also controlled 
by [Cu2+] and [Sapo]. In addition, the Cu TNPs with the sharp edges were obtained by the combination of the 
seed-mediated growth and the addition of I−.

[1] Yueming Zhai et al., (2016). Polyvinylpyrrolidone-Induced Anisotropic Growth of Gold Nanoprisms in Plasmon-Driven Synthesis. Na-
ture Materials, 889.

[2] Hai-Xin Lin et al., (2015). Constructing Two-Dimensional Nanoparticle Arrays on Layered Materials Inspired by Atomic Epitaxial 
Growth. Journal of the American Chemical Society, 137.

[3] Miyagawa M et al., (2016). Precious Metal-Like Oxide-Free Copper Nanoparticles: High Oxidation Resistance and Geometric Structure. 
RSC Advances, 10456.
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FORMATION AND STABILITY OF SMECTITE UNDER HYPER-ALKALINE 
CONDITIONS AT NARRA IN PALAWAN, PHILIPPINES
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Montmorillonite, which belongs to the smectite group, will play an important role as buffering materials for the 
geological disposal of radioactive waste due to the favorable features of smectite such as low permeability and 
high cation exchange capacity. However, it is frequently proposed that montmorillonite may dissolve by hyper-al-
kaline leachates from cementitious materials in a disposal site and results in the loss of its favorable properties 
as buffering materials. Although many experiments have been conducted to elucidate the reaction after mont-
morillonite dissolution under hyper-alkaline conditions, there is a significant disparity between complexiety of 
the reaction involved in laboratory experiments and actual disposal environments. Previous studies observed the 
interaction between montmorillonite and hyper-alkaline groundwaters in natutal settings and reported that mont-
morillonite has altered to Fe-rich smectite [1] or palygorskite[2]. If smectite forms by hyper-alkaline leachates 
after montmorillonite dissolution in the actual disposal sites, the properties ot buffering materials would not 
damage seriously compared to the case montmorillonite alter to non-swelling minerals. Therefore, understanding 
the formation condition of smectite under hyper-alkaline conditions is important. In this study, the focus is on 
observable interaction between smectite and hyper-alkaline groundwaters in an actual field site to understand the 
effect of hyper-alkaline fluids on the formation and stability of smectite. Sampling of clays and natural hyper-
alkaline groundwaters took place at Narra in Palawan, Philippines, where hyper-alkaline groundwaters by modern-
serpentinization has been flowing up as several springs. XRD analysis of both of solid samples which contact with 
hyper-alkaline fluids and do not contact with current hyper-alkaline groundwaters at least revealed the presence 
of smectite in weathered serpentinite sediments. Here, there are 3 possibilities of smectite formation under hy-
per-alkaline conditions. (1) Smectite was originally produced by weathering process and persists under current 
hyper-alkaline conditions. (2) Smectite was produced as alteration products from ultramafic minerals by hyper-
alkaline groundwaters. (3) Smectite was directly formed from hyper-alkaline groundwaters. XRD analysis of less 
than 2 µm samples before and after heat treatment revealed stevensite only in those samples which contact with 
hyper-alkaline groundwaters. Based on EPMA analysis of the solid samples which contact with hyper-alkaline 
groundwaters, Fe-Mg-smectite formed as alteration products of primary ultramafic minerals and stevensite formed 
as precipitates in pores of the sediments. Thermodynamic calculations based on the hydrochemistry of the natural 
hyper-alkaline fluids support the formation of magnesium silicate hydrate from hyper-alkaline fluids, which could 
be precursor of Mg-smectite such as saponite and stevensite. Therefore, the observed stevensite would be precipi-
tated from hyper-alkaline groundwaters. To further understand the effect of hyper-alkaline fluids on the formation 
of smectite, it is important to understand whether Fe-Mg-smectite as alteration products from some ultramafic min-
erals may formed under hyper-alkaline conditions or initially produced by weathering and persists under current 
hyper-alkaline conditions. In this study, we documented the formation of Fe-Mg-smectite under hyper-alkaline flu-
ids to understand the effect of hyper-alkaline fluids on the formation of smectite. To discuss the potential forming 
of smectite after montmorillonite dissolution in the actual disposal sites, it is necessary to elucidate the formation 
condition of smectite under hyper-alkaline conditions by further understanding smectite formation under hyper-
alkaline groundwaters at Narra.

This research was initiated within a project to develop Geological Disposal Technologies in Japan using Natural Analogue, which was funded 
by the Ministry of Economy Trade and Industry (METI), Japan. 

[1] Fujii N. Yamakawa M. Shikazono N. Sato.T. (2014). Geochemical and Mineralogical Characterizations of Bentonite interacted with 
Alkaline Fluids generating in Zambales Ophiolite, Northwestern Luzons, Philippines. Geol.Soc.Japan, 120, 361-375.

[2] Milodowski, A.E., Norris, S. & Alexander, W.R. (2016). Minimal alteration of montmorillonite following long-term reaction in natural 
alkali solutions: implications for geological disposal of radioactive waste. Appl. Geochem. 66, 184-197.
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NANOSTRUCTURES FROM PYROLYSIS OF Ni-BASED LAYERED 
DOUBLE HYDROXIDE 
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The fine tuning of layered double hydroxides (LDHs) composition permits engender nanocomposites containing 
metal nanoparticles and/or nanocarbons for information storage, energy conversion, catalysis, electrochemical 
sensing and environmental remediation [1,2]. A bottom-up approach can be design to the direct formation of mul-
tifunctional structures via pyrolysis of LDHs containing transition metals in the brucite-like layers and intercalated 
organic anions in the gallery region. In this way, the inorganic matrix can act as a template for carbon and a source 
of metal [2]. 

In this work, Ni2Al-LDH intercalated with carboxymethylcellulose (abbreviated LDH-CMC) was synthetized by 
one pot reaction. As-prepared LDH-CMC was thermal treated at 70 °C for 24 h and subsequently pyrolyzed at 200 
- 1000 °C under inert atmosphere. The isolated materials were characterized by X-ray diffractometry (XRD), infra-
red (FTIR) and Raman spectroscopies, thermal analysis (STA-MS), elemental analysis (CHN), scanning electron 
microscopy (SEM) and vibrating sample magnetometry (VSM). For comparison purposes, Ni2Al-LDH intercalat-
ed with chloride anions (LDH-Cl) was also prepared and submitted to the same thermal treatment as LDH-CMC.

XRD data show the conversion of LDH-Cl into NiO and NiAl2O4 after pyrolysis process: from 500 to 1000 °C, 
the presence of peaks (2q) at 37.3, 43.3 and 62.9° attributed, respectively, to (111), (200) and (220) plans confirm 
the NiO formation while NiAl2O4 phase is observed only when sample is treated at 1000 °C. On the other hand, 
LDH-CMC pyrolized materials exhibit the nickel XRD pattern when heated at 600 °C and higher temperature 
values, suggesting the Ni2+ reduction to Ni0. FTIR spectra of LDH-CMC precursor and its derivatives obtained 
at 200 and 350 oC present bands at 1057 (d CO) and 1572 cm-1 (nas COO-). The disappearance of these bands at 
higher pyrolysis temperatures indicates CMC thermal decomposition. Production of graphitic carbon from pyro-
lyzed LDH-CMC at 600 - 1000 °C was confirmed by the presence of bands around 1600 and 1350 cm-1 on Raman 
spectra, attributed to typical G and D bands, respectively. TG-MS curves (air) of LDH-CMC pyrolyzed at 600, 
700, 800 and 1000 °C show two main steps of mass change: (i) room temperature to 200 °C, attributed to dehydra-
tion and (ii) 200 to 500 °C, related to carbon and residual CMC oxidation, releasing CO2, and conversion of Ni0 to 
NiO. Elemental and thermal analysis reveal that the carbon and nickel content (m/m) vary respectively from 18.7 
and 9.9% (at 600 °C) to 10.6% and 48% (at 1000 °C) in the pyrolyzed products. SEM micrographs show spher-
ical nickel nanoparticles growing as higher is the pyrolysis temperature, and some wrinkled regions of Al2O3, as 
suggested by EDX analysis. Magnetization curve for LDH-CMC carbonized at 1000 °C shows a hysteresis loop. 
Saturation magnetization (Ms), remanence (MR) and coercivity (Hc) values are equal to 5.1 emu g-1, 1.1 emu g-1 and 
104 Oe, respectively. The set of characterization techniques suggests that pyrolysis of LDH-CMC hybrid material 
at high temperatures (600 - 1000 °C) results in promising multifunctional materials mainly composed by nickel 
nanoparticles and graphitic carbon in a layered double oxide matrix.

Acknowledgments: Brazilian agencies Fapesp and CNPq.
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Molecular Perspective. Accounts of Chemical Research, 1601-1611.
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Grain shape preferred orientation (GSPO) of various sized fragments in fault gouge is influenced by the forces 
acting at and after the fault activity. Especially, the GSPO of brittle quartz and feldspar clasts surrounded by clay 
matrix reflects the environment of matrix formation timing and direction of shear at the latest stage. In this study, 
we firstly attempted to measure the GSPO of the tens of micro-sized clasts representative fault gouges by using 
Scanning Electron Microscope (SEM) on the Backscattered Electron (BSE) Images. The oriented samples were 
collected and prepared as polished sections with perpendicular and parallel directions to the fault plane. The GSPO 
data were presented as contour plot on the stereonet and as rose diagram using Ellipse fit, Stereonet, and Dips 
program.

The GSPO mesurement results are close to the P-shear and R-shear directions of macroscopic fault activity as 
revealed in the outcrops. The graphs for each extent of GSPOs with different axial ratio show that the GSPOs of 
clasts tend to be close to the P-shear direction as the axial ratio value increases. As the result of this study, the 
GSPO of micro-sized fault clasts showed an useful evidence indicating the shear sense directions to the brittle 
fault zone.
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CRYSTALLOCHEMICAL FEATURES OF GLOBULAR LAYER SILICATES 
FROM CHIM−LОPTIUGA PYROSCHIST DEPOSIT
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The results of crystal chemical study of globular layer silicates of glauconite-illite composition from Chim−Lop-
tyuga pyroschist deposit, North Urals (Jarenga shale-bearing region, Mezen’ syneclise) are presented. Upper-Ju-
rassic rocks of Chim-Lоptiuga deposit consists of clay and combustible shales, calcareous dark gray and green-
ish-gray clays and clay-marls with infrequent sandstone layers. In Oxford and Kimmeridgian sediments of the 
upper division of the Jurassic system (J3 of + km) glauconite is present as the lithological datum.

Globular layer silicates were studied using modern chemical and physical methods: X-ray analysis, scanning elec-
tron microscopy (SEM), chemical and microprobe analysis, IR spectroscopy and others. 

1. The globular phyllosilicates from Chim−Loptyuga pyroschist deposit are presented by differently colored 
grains (dark green, green, light green) and their green beans and dark green color glauconite are low in potassi-
um and, accordingly, low degree of diagenetic mineral maturation [1]. Glauconite with ideal crystallochemical 
composition is absent. Green globules are presented by dioctahedral mica with a deficit of interlayer cations 
and close in composition to the glauconite with low interlayer charge whereas bleached grains contain in its 
composition smectite component in addition to glauconite. 

The diffraction patterns of dark green globules display presence of several phases related to layered silicates: mica 
(glauconite), smectite and mixed-layered mineral of illite/smectite type. Glauconite is predominant mineral of 
globules and set of non-basal reflections on diffractograms corresponds to 1M polytype although peaks are slightly 
broadened.

IR spectra of the studied samples are typical of dioctahedral micaceous minerals. Dark green globules show inten-
sive band at 3551 cm-1 corresponding to FeOHFe vibrations and weak band at 3623 cm-1 (A1OHFe3+), IR spectra 
of bleached globules show more intensive band at 3593 cm-1 corresponding to AlOHAl vibrations in smectite.

Glauconite-bearing rocks are also widely altered what is resulted in widespread mixed-layered minerals containing 
expandable layers. Interstratified minerals could be formed by the transformation of the initial layer silicates under 
the influence of organic matter during diagenesis. With this stage is also associated the intensive authigenic forma-
tion of zeolite, glauconite and iron sulfides (in some stratigraphic intervals - sulphides of zinc, cobalt and nickel) 
which are widespread throughout the section of the Upper Jurassic rocks [2]. The presence of pyrite in the surface 
of the globules may indicate that the formation of glauconite was interrupted and not completed due to changes of 
environmental redox conditions.

2. Crystal chemical features of glauconite allow considering this mineral to be an indicator of a weak degree 
of diagenetic transformation of sediment. We propose that smectite was a “precursor” for the glauconite 
formation and the change rate of sedimentation and permeability the surrounding environment prevented the 
completion of the process. 

This work was supported by project 15-18-5-49 of UB RAS fundamental programs.

[1] Meunier A., El Albani A. (2007). The glauconite-Fe-illite-Fe-smectite problem: a critical review // Terra Nova.. V. 19. Р. 95-104.
[2] Saldin V.A, Simakova Y.S., Burzev I.N. (2011). Clay minerals of the Upper Jurassic rocks of Chim−Loptyuga pyroschist deposits (Vy-

chegda region) // Mineral indicators of lithogenesis: Materials of Conf. Syktyvkar: Geoprint. P. 196-198.
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Ceramics chemically bonded by geochemical reactions also known as geopolymers, normally use traditional raw 
materials such as metakaolin [1]. Metakaolin is obtained by heating kaolin (typically between 700 and 850 °C) for 
dehydroxylation. Alternatively, some industrial wastes can be also involved in the formulation of geopolymers, 
including fly ash [3], red mud [4] and glass [5,6]. These raw materials should assure the needs of Al2O3 and SiO2 
of the geopolymers composition, being environmentally more adequate, since their preparation requires less en-
ergy than the production of metakaolin. The potential of urban vitreous waste from non-returnable glass bottles 
(UVGB), and sludge generated from the wastewater treatment of a ceramic pigment industry (WWTS), for the 
production of geopolymers was the main objective of the current work. Chemical analyses (done by XRF) showed 
that UVGB contains SiO2 (71.10 wt.%), and Na2O (13.71 wt.%) as main components, while WWTS is rich in SiO2 
(59.10 wt.%) and Al2O3 (8.5 wt.%). Both wastes show high amorphous phase (revealed by XRD), which might be 
crucial for their chemical activation reactions. In fact, the use of NaOH solution (10 M) easily hardened the tested 
waste mixtures. The optimal formulations showed compressive strength of ~5 MPa after 7 days curing in 40 oC. In 
order to adjust the SiO2/Al2O3 molar ratio, additions of other Al2O3-bearing wastes will be test.

[1] Davidovits J., Quentin S. (1991). Geopolymers - Inorganic polymerie new materials. J. Therm. Anal., 37, 1633-1656. 
[2] San Nicolas R., Cyr M., Escadeillas G. (2013). Characteristics and applications of flash metakaolins. Applied Clay Science, 83-84, 253-

262.
[3] Novais R.M., Buruberri L.H., Seabra M.P., Bajare D., Labrincha J.A. (2016). Novel porous fly ash-containing geopolymers for pH buff-

ering applications. J. Clean. Prod.,124,395-404.
[4] Badanoiu A.I., Al Saadi T.H.A., Stoleriu S., Voicu G.(2015). Preparation and characterization of foamed geopolymers from waste glass 

and red mud. Constr. Build. Mater., 84, 284-293. 
[5] Torres-Carrasco M., Puertas F.(2015). Waste glass in the geopolymer preparation. Mechanical and microstructural characterisation. J. 

Clean. Prod., 90, 397-408.
[6] Novais R.M., Ascensão G., Seabra M.P., Labrincha J.A.(2016). Waste glass from end-of-life fluorescent lamps as raw material in geopol-

ymers. Waste Manag., 52, 245-255.
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NON-EQUILIBRIUM SIMULATIONS OF FLOW IN CLAY NANOPORES 
USING A WALL THERMOSTAT
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Fluids transport through nanoporous media is a key issue for unconventional hydrocarbons recovery or for cap 
rock integrity in the context of CO2 sequestration. The thermodynamic behaviour of a fluid in a clay nanopore 
depends on the nature of the clay itself and on the physico-chemical effects induced by the confinement. 

Nonequilibrium molecular dynamics (NEMD) simulation has allowed to investigate the validity of continuous 
hydrodynamics of simple systems under confinement. Most studies on the hydrodynamics of confined fluids on 
the molecular scale are based on model systems such as a Lennard-Jones (LJ) fluid between LJ walls [1], though 
some applications to more realistic systems have been published, as water in silica nanopores [2] or between two 
montmorillonite layers [3,4]. Such molecular dynamics (MD) simulations are necessary in the contexts previously 
described to bridge molecular descriptions and continuous models in order to upscale transport properties from the 
microscopic to the macroscopic scale.

Several recent studies underlined that simulations with rigid walls and/or using a thermostat acting directly on the 
fluid should be taken with caution. Rather, it is possible to thermostat highly confined fluid by a wall thermostat 
[5]. We currently apply this strategy for the case of fluids in clay nanopores. We will present results on the ionic 
force and surface charge effect on mass transport. We will also present results on confined diphasic systems con-
taining water/methane and water/carbon dioxide.

[1] Travis K.P., Todd B.D., Evans D.J. (1997). Departure from Navier-Stokes hydrodynamics in confined liquids. J. Phys. Rev E. 55, 4288-
4295.

[2] Siboulet B., Coasne B., Dufrêche J.-F., Turq P. (2011). Hydrophobic Transition in Porous Amorphous Silica. J Phys. Chem. B 115, 7881-
7886.

[3] Marry V., Dufrêche J.-F., Jardat M., Turq P. (2003). Equilibrium and electrokinetic phenomena in charged porous media from microscopic 
and mesoscopic models: electro-osmosis in montmorillonite. Mol. Phys. 101, 3111-3119.

[4] Botan A., Rotenberg B., Marry V., Turq P., Noetinger B. (2011). Hydrodynamics in Clay Nanopores. J. Phys. Chem. C., 115 16109-16115.
[5] Bernardi S., Todd B.D, Searles D. J. (2010). Thermostating highly confined fluids. J. Chem. Phys. 132, 244706.1-244706.10.
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OF HEAVY METALS ON SOIL CLAY AND IRON-OXYHYDROXIDE 
PARTICLES IN SOILS
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Direct observation of the sorption capacity of individual soil mineral particles is expected to allow a much deeper 
insight into the sorption process of heavy metals in soils compared to studies of bulk soil samples. To support this 
idea, batch single element and competitive Cd, Cu, Pb and Zn sorption experiments were carried out on smectitic 
soils characterized by contrasting physico-chemical characteristics and by clay mineral and iron-oxyhydroxide ac-
cumulation. The sorption capacities of the bulk soil samples were described by sorption curve evaluation whereas 
that of the individual soil mineral particles was studied by TEM-EDS analyses.

The generally observed phenomenon that Pb and Cu can be characterized by higher sorption in the bulk soil than 
Cd and Zn was also found in our case. However, relating soil sorption capacities (derived from the sorption curves) 
to the major physico-chemical properties of soils have failed, primarily for metals with higher sorption. This can be 
due to the complex nature of soils where many parameters affect the sorption of certain metals to varying degrees.

Metal sorption capacity of the individual soil mineral particles decreased in the order of Fe-oxyhydroxide > Fe-
rich smectite > smectite both in acidic and alkaline soils and in single element and competitive situations. As 
expected, the same type of soil mineral particles exhibited larger sorption capacity in the alkaline than in the acidic 
soils. Additionally, sorption of Cu and Pb on the individual mineral particles was generally higher than that of Cd 
and Zn in harmony to the results of the sorption experiments carried out on the bulk soil samples. In single element 
situations, a strong linear relationship was found between the Fe content of smectite particles and their metal sorp-
tion capacity for Cu, Pb and Zn. On the contrary, this phenomenon was observed for Cd only in the alkaline soils, 
and this metal showed the lowest sorption on the soil mineral particles generally. In competitive situations, how-
ever, such a linear relationship was not found (e.g. the sorbed metal amount did not increase with the Fe content of 
the smectite particles), although differences in sorption capacities of soil mineral particle types was still observed. 
Additionally, sorbed metal amounts on the soil mineral particles were generally significantly lower in competitive 
than in single element situations, and this difference was much more expressed for metals with lower sorption (Cd 
and Zn) than for those with higher sorption (Cu and Pb).

Consequently, results of sorption experiments carried out on bulk soil samples provide insufficient information 
about the role of soil mineral phases in sorption processes. With the direct study of the sorption capacities of soil 
mineral particles, however, this gap can be filled effectively, and when such data are used, the behaviour of distinct 
mineral groups in the metal sorption in soils can be evaluated. 

Acknowledgements: this study was financially supported by the Hungarian Scientific Research Fund (OTKA K105009).
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In bone regeneration, autografts are considered the gold standard used for medical procedures, but several com-
plications might occur for patients treated with autologous tissue due to the limited availability and also possible 
tissue morbidity. Alternatively, bone allografts from cadaveric tissue are also used, but there have been some 
reports of disease transmission where these tissues were applied. Synthetic- and natural-based biomaterials such 
as polymers, ceramics, or composites of these materials are a promising alternative to human tissue. In particular 
scaffolds produced by means of Additive Manufacturing (AM) technologies allows the control of the pore archi-
tecture of the fabricated scaffolds [1]. This results in 3D matrices with controlled mechanical properties matching 
those of the tissue to be replaced. Scaffolds production for tissue regeneration is one of the main fields where the 
“Design for Function” feature of AM make the difference relative to the other production techniques if in the pro-
duction process all the needed “Functions” can be introduced: mechanics, geometry (porosity and shape), biomate-
rial, bio-active molecules and surface chemical groups. In this scenario the use of polymeric nanocomposites with 
bio-functionalised layered fillers in a 3D printing device is a smart and effective solution for the production of scaf-
folds for bone regeneration. In fact biocompatible layered fillers, like hydrotalcites [2], also known as anionic clays 
or layered double hydroxides and zirconium or titanium phosphate [3], can be modified through the intercalation of 
active species with biocidal activity and then dispersed in a proper bioresorbable polymer using the melt blending 
technique. The exfoliation of these layered fillers into the polymer allows the preparation of bionanocomposites 
with better mechanical, cell differentiation [4] and drug delivery [5] properties that greatly enhance the effective-
ness and the stability of bone scaffolds. In this work MgAl-hydrotalcites and zirconium phosphate intercalated 
with high loading (up to 54 wt%) with ciprofloxacin and gentamicin antibiotics respectively were successfully 
employed as active fillers of polyethyleneoxide terephthalate/polybutylene terephthalate (PEOT/PBT) copolymer, 
already used for clinical applications in orthopedic surgery thanks to its special properties of biocompatibility, 
elasticity, strength, wettability and biodegradation rate [6]. The fine dispersion of the fillers, confirmed by XRD 
and SEM/TEM analyses, was obtained using a twin screw extruder in the melt blending process that allows a good 
exfoliation/intercalation of the layered compounds into the polymeric composite materials. Several composites 
with different loading of active fillers (from 5 to 20 wt%) were prepared and characterized in order to determine 
the mechanical (tensile, flexural and compression test). The evaluation of the biocidal activity on Staphylococcus 
epidermidis (Gram +) and Pseudomonas aeruginosa (Gram -) strains was also carried out by means of a Dose 
Response screening assay. With the aim of optimize the suitable features of the final manufacts, selected nano-
composites were employed for the preparation of scaffold prototypes for the bone regeneration using a 3D printer 
device. After the optimization the final scaffolds will be prepared at c-GMP level and tested in pilot in vivo trials. 

Research activities described in this paper were carried out as part of the funded research project FAST, H2020-NMP-PILOTS-2015, GA n. 685825.

[1] Moroni L., De Wijn J.R., Van Blitterswij, C.A. (2008). Integrating novel technologies to fabricate smart scaffolds. J Biomater Sci Polym 
Ed, 19, 543-572.
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MINERALOGICAL AND GEOCHEMICAL CHARACTERISTICS OF 
KAOLIN OF VERKHNE-ASHUTSKOE KARST DEPOSIT IN KAZAKHSTAN
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Kaolin clays in the structure of Verkhne-Ashutskoe karst bauxite deposit (Central Kazakhstan) are localized in 
large sinkholes and often block the bodies of industrial bauxite.
Within the structures of the folded basement the deposit is localized in areas of carbonate rocks which control 
the accumulation process of kaolin and bauxite. Bauxite in these areas is usually enclosed in the largest karst 
sinkholes. Genetically bauxite are associated with continental lacustrine-marsh, predominantly clayey sediments, 
within which horizons of kaolin refractory clay occur, which contain free alumina and fine variegated and black 
lignite-bearing rocks.
Clays and bauxites were formed in a warm, variably humid climate which comparable to the current climate of 
tropical savanna.
A distinctive feature of the layered lithology profile is the presence of lignite layers, below which within the pro-
file is the process of bleaching of clays and bauxite, that are usually brown colored because of impurities of iron 
oxides.
In this study, a profile parallel to the quarry wall was selected and 12 representative samples with varying intervals 
were collected from an exploratory pit. Of these, 7 samples belonged to the bauxite ores, 3 — to the clay, and 2 to 
the lignites.
The chemical composition of the ore deposits has the following average content of main components: Al2О3 = 
40.0-44.9%; SiO2 = 11.5-14.5%; Fe2O3 = 15.3-23.3%; TiO2 = 3.0—3.7%. The average silicon module is 3.4. Ka-
olin clays form thick (up to 30 m) layers in the upper, middle and lower parts of the lithological profile and it’s a 
high-alumina refractory raw materials.
The analysis of clay and bauxite substance by the complex of precision methods allowed us to identify a number of 
mineralogical and geochemical features. For the first time by the SEM (Scanning Electron Microscopy) and STA 
(Simultaneous Thermal Analysis) perfect biogenic gibbsite crystals that grew on the surface of the lignite film in 
bauxite and biogenic discoid aggregates (crystal twins) of nanohematite in the ferruginous nodules of kaolin clays 
were discovered.
The highest silica content among all samples (25.5-45.8% SiO2) was detected in samples of kaolin clays. The 
amount of alumina varies from 23.4% to 44.8%. In some samples the high content of iron oxide (40% Fe2O3) was 
observed. According to the results of XRD analysis the iron oxides are present in samples in form of goethite and 
hematite. The average loss on ignition is 14.5% of the initial mass and doesn’t exceed 21%. The bulk of water in 
these clays is enclosed in the crystal lattice of kaolinite. Values of silicon module of clay samples don’t exceed 1.5.
All samples were studied by simultaneous thermal analysis instrument STA 449 F1 Jupiter “Netzsch”. The heating 
rate was 10°/min till a temperature of 1050 °C in argon atmosphere. Before filling the chamber with argon the air 
was deflated from the chamber. The weight of the portion ~ 40 mg.
According to the analysis results it can be argued that the bulk of bauxite and clays is composed by kaolinite and 
gibbsite in different proportions. The maximum value of the enthalpy of kaolinite dehydroxylation corresponds to 
the temperature range 524.1-538.3 °C.
The biggest amount of gibbsite from all the studied samples was found in the sample of stony iron-poor bauxite, 
kaolinite - in the sample of clay. These features can be observed on the DSC (Differential Scanning Calorimetry) 
plots of samples: among all samples that contain gibbsite, the most intense endothermic effect that corresponds to 
gibbsite (-776.2 J/g) were present on the DSC plots of the iron-poor bauxite sample, and among all samples that 
contain kaolinite - on DSC plot of clay sample (-383.3 J/g).
According to the TG (Thermal Gravimetry) plot clay samples have relatively small total losses on ignition that can 
be explained by the high organic matter content.

Work is executed at financial support of the program of Department of Earth Sciences of the Russian Academy of Sciences III.8.5
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POZZOLANIC REACTIVITY AND REACTIVE SITES OF CALCINED 
CLAYS FROM A COMBINATION OF CHEMICAL METHODS AND SOLID-
STATE NMR SPECTROSCOPY
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The use of calcined clays as supplementary cementitious materials (SCM’s) may provide a valuable contribution 
to the reduction in CO2 emissions associated with cement production since calcined clays can be produced at 
significantly lower temperatures and do not involve a decarbonation reaction. Thermal activation of clay minerals 
involves dehydroxylation of the aluminate and silicate sheets which introduces a progressive degree of disorder 
in the heated material. 27Al and 29Si MAS NMR spectroscopy have the advantage that amorphous and crystalline 
phases are detected in an equal and unambiguous manner and thus, these tools are ideal in studies of the thermal ac-
tivation of both pure and impure clay minerals [1-3]. In addition, 27Al and 29Si MAS NMR can provide the degrees 
of reaction for the principal cement and calcined clay phases which can be utilized in thermodynamic modeling 
of the hydrate phase assemblages in these blends [4]. Moreover, valuable structural information is also achieved 
about the calcium-silicate-hydrate phase (C-S-H) [5], formed as the principal hydration product in Portland cement 
- calcined clay blends.

A common approach to evaluate the reactivity of SCM’s is the Chapelle’s test which probes the pozzolanic re-
activity by measuring the amount consumed Ca(OH)2 in Ca(OH)2 - SCM suspensions. For these experiments, 
additional information can be achieved by studying the solid residues by 29Si and 27Al MAS NMR, which allows 
identification of the formed hydration products and the remains of SCM in a semi-quantitative manner. In addition 
to this approach, the present work employs a combination of chemical methods and solid-state NMR to identify 
the reactive species in clay minerals calcined at different temperatures.

Highly pure samples as well as commercial samples of kaolinite and montmorillonite have been examined at 
heating temperatures in the range 400 - 1100 °C. For each sample, the degrees of dissolution in acidic and basic 
media have been determined, using a 1% (v/v) HF solution and an 8.0 M NaOH solution, respectively. The solid 
residues from these experiments are analysed along with the calcined starting materials by 27Al and 29Si MAS 
NMR. A comparison of these spectra, before and after dissolution, enables a clear differentiation of the silicon 
and aluminium environments that are present in each sample, providing direct information about the aluminate 
and silicate species which are dissolved under basic and acidic conditions, i.e., identification of the active sites in 
calcined clays. Moreover, this procedure facilitates the structural assignment of the different silicon environments 
observed by 29Si NMR, shedding light on the dehydroxylation process and on the structural changes that occur for 
kaolinite and montmorillonite upon heat treatment.

[1] Garg N., Skibsted J. (2014). Thermal activation of a pure montmorillonite clay and its reactivity in cementitious materials. J. Phys. Chem. 
C 118, 11464-11477.

[2] Garg N., Skibsted J. (2016). Pozzolanic reactivity of a calcined interstratified illite/smectite (70/30) clay. Cem. Concr. Res. 79, 101-111.
[3] Hollanders S., Adriaens, R., Skibsted J., Cizer Ö., Elsen J. Pozzolanic reactivity of pure calcined clays. Appl. Clay Sci. 132-133, 552-560 

(2016). 
[4] Kunther W., Dai Z. Skibsted J. (2016). Thermodynamic modeling of hydrated white Portland cement - metakaolin - limestone blends 

utilizing hydration kinetics from 29Si MAS NMR spectroscopy. Cem. Concr. Res. 86, 29-41.
[5] Dai Z., Tran T.T., Skibsted J. (2014). Aluminum incorporation in the C-S-H phase of white Portland cement - metakaolin blends studied 

by 27Al and 29Si MAS NMR spectroscopy. J. Am. Ceram. Soc. 97, 2662-2671.
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Resistance of Staphylococcus aureus to common used antibiotics represents a big medical issue. Nowadays, na-
notechnology brings new possibilities in an effective inactivation of bacterial cells. Colloidal materials with em-
bedded photosensitizers represent prospective agents from environmental and medical viewpoints. Colloids based 
on synthetic layered silicates of saponite type, including those modified with dodecylammonium chloride (C12) 
and methylene blue were studied in this experimental work. The Gram-positive bacterium Staphylococcus aureus 
CCM 3953 and diode laser source, which emits light with a wavelength of 665 nm were selected for this study. The 
colloidal dispersions effectively absorbed the laser light and upon illumination with visible light, generate singlet 
oxygen in aqueous solution. This was proved by EPR spectroscopy using a spin trapping agent. Photodynamic 
efficiency depended on the growth phase in which the bacteria were tested, and increased with preincubation with 
the photosensitizer. Probably, surface properties of the smectites were important for the contact with bacterial 
cells. The saponite-C12-methylene blue ratio played a significant role in the interaction with cells. Modification 
of saponite with the C12 surfactant led to the significant enhancement of methylene blue photophysical activity. 
The presence of C12 cations with disinfectant biocide properties would additionally be predicted to suppress dye 
molecular aggregation. Therefore the choice of the clay mineral, saponite-methylene blue ratio, or the presence 
of C12 surfactant adsorbed on silicate particles significantly influenced the antimicrobial properties of colloid 
systems. After methods optimalization (testing of different concentration of immobilized methylene blue with 
different ratios of inert compound as also amonia salt, testing of different times of irradiation exposure, intensity 
of irradiation and conditions of preincubation) was chosed suitable combination of parametres of tested complex-
es in regard with expected influence on growth of S. aureus. Enhanced antimicrobial efficiency of immobilized 
methylene blue (26 µmol/l) was demonstrated after 10 s of irradiation with laser source (5.58 J/cm2). Immobilized 
methylene blue on smectite (0.65 mg/ml) and free form of methylene blue were preincubated for 30 min at 37 
°C, 3.4-log10 reduction of S. aureus cell survival rate was achieved. Significant decrease in surviving bacteria cell 
count was observed in the case of testing modification of saponite and methylene blue with quaternary ammonium 
salt C12 (0.17 mg/ml) in the same experimental conditions. It was stated that 3.7-log10 reduction in cell survival 
rate of S. aureus was achieved. Another observed important feature of colloidal material was a high adherence of 
bacteria to these materials what was documented by optical microscopy and scanning electron microscopy. Experi-
ments revealed that the organoclay mineral is the adequate carrier for an immobilization of cationic methylene blue 
molecules. Photosensitization process with methylene blue embedded in clay minerals using laser illumination is 
an effective method for inactivation of Gram-positive bacteria. This study exhibited that the interaction of meth-
ylene blue with clay minerals could lead to the formation of new materials with effective antibacterial properties.

Acknowledgements: this research was funded by the Slovak Research and Development Agency under the contract No. [APVV-15-0347] and 
by the grant VEGA [1/0628/15].
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REMOVING Pb(II) FROM WATER
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Montmorillonite is widely used as an adsorbent in wastewater treatment for removing contaminated ions and or-
ganic composites because of the layered structure. But the small interlayer openings and the low specific surface 
area limit the applications. In this study, an eco-friendly montmorillonite nanosheets-chitosan (MMNT-CS) hydro-
gel was prepared to develop a new and effective adsorbent. The fabrication of the MMNT-CS hydrogels were real-
ized through the self-assembly of MMNT and CS chains. The prepared MMNT-CS hydrogels were characterized 
by AFM, SEM, TEM and nitrogen adsorption, and were tested on the adsorption of Pb(II) at the interface of water/
hydrogel for the Pb(II) elimination from water. The effect of solution pH, contact time, initial Pb(II) concentration 
and temperature on Pb(II) adsorption from water were investigated. The experimental results indicated that the 
exfoliated MMNT enhanced the removal efficiency and adsorption rate of Pb(II) compared to pillared montmo-
rillonite owing to the increase of the effective adsorption sites. The Langmuir and Freundlich adsorption models 
have been applied to evaluate the adsorption efficiency and the data correlated well with the Langmuir model. The 
adsorption mechanism was found to be due to the ion exchange according to the analysis of XPS and FTIR.



Scientific Research Abstracts
Vol. 7, p. 714, 2017
ISSN 2464-9147 (Online)
XVI International Clay Conference | ICC 2017 | Granada, Spain
© Author(s) 2017. CC Attribution 3.0 License
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A new conversion type anode material for lithium ion battery utilizing the redox activity of aluminum (III) ion has 
developed. Conversion type materials are known to have a serious weak point as anode materials, that is the high 
reaction voltage in spite of its high capacity (over 600 mAh/g). This high reaction voltage originates in high redox 
potential of transition metal oxide such as NiO or CoO, those are known as representative conversion anode mate-
rials for lithium ion battery. In order to improve this high reaction voltage, it is effective to use oxides of light metal 
with lower redox potentials such as aluminum oxides, titanium oxide and so on. However, aluminum oxides are 
difficult to use as the electrode materials owing to the low electric and ionic conductivity. We have synthesized sol-
id solution of nickel oxide and aluminum oxide with nano level particle size by calcination of Ni-Al layered double 
hydroxides (LDH). In the previous studies, we have investigated the structure and electrochemical properties for 
the solid solution of NiO with TiO2 or V2O5 [1-3]. The fine structure of calcinated materials are determined by 
XRD and XAFS: Ni2+ and Al3+ ions are randomly locating metal ion sites of NiO with rock salt structure and cati-
on vacancies are introduced to compensate the excessive charges brought by the aluminum ions. In this structure, 
electron and lithium ion are expected to be supplied via NiO type host structure and cation vacancies, respectively.

The charging capacity of the half cell with lithium metal counter electrode from 0.03 V to I.5 V, that corresponds to 
the discharge capacity of the full cell was improved to 600 mAh/g, whereas that for pristine NiO was 230 mAh/g. 
This improvement of capacity in the lower voltage region is expected to originate in redox of aluminum ion. The 
redox activity of aluminum ion was confirmed by ex-situ XANES measurement at Al K edge. The absorption edge 
of aluminum ion shifted to lower energy direction with discharge from 1560 keV to 1556 keV. With charging, the 
absorption edge of aluminum shifted back to the initial position. This directly indicates the redox activity of alu-
minum ion during charge-discharge. This is the first report of anode material for lithium battery that utilizes redox 
of aluminum ion as far as we know. 

In order to investigate the detailed reaction mechanism, ex-situ XRD and XAFS measurements were carried out. 
On the basis of these results, the reaction mechanism of Ni-Al binary metal oxide was concluded as follows. In 
the higher voltage discharge process (OCV-1.0 V), lithium intercalation into the cation vacancy and lithium ion 
adsorption to the surface of Ni-Al binary metal oxide with the partial redaction of nickel ion are proceeding [1]. In 
the lower voltage discharge (1.0-0.03 V), the conversion reaction proceeds with the reduction of Ni and Al ions. In 
the lower voltage charge process (0.03-1.0 V), only aluminum ion is oxidized to form an intermediate state, where 
aluminum ion makes complex with surrounding oxide ions. In the higher voltage charge process, nickel metal is 
oxidized to re-form the Ni-Al binary metal oxide with the rock salt structure.

[1] Quan, Z., Erfe N., Hayashi Y., Sonoyama N. (2013). “Structure and electrochemical properties of multiple metal oxide nanoparticles as 
cathodes of lithium batteries”, J. Mater. Chem. A, 1, 8848-8856.

[2] Quan, Z., Erfe N., Hayashi Y., Sonoyama N. (2014). Electrochemical properties of nano-sized binary metal oxides as anode electrode 
materials for lithium battery synthesized from layered double hydroxides”, Solid State Ionics, 62, 128-132.

[3] Quan, Z., Erfe N., Hayashi Y., Sonoyama N. (2014). Electrochemical properties of nano-sized binary metal oxides as anode electrode 
materials for lithium battery synthesized from layered double hydroxides”, Solid State Ionics 268 268-272. 
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Eu3+ has a stable valence in sintering process in air and can be easily activated, therefore it is used as a luminescent 
center in many materials. The luminescence shows a large number of linear luminescence due to the 5DJto

7FJ tran-
sition, a magnetic dipole transition at the transition of 5D0to 7F1 (near 580 nm), and an electric dipole transition at 
the transition of 5D0to 7F2 (near 600 nm). In order to develop an excellent red phosphor, it is necessary to promote 
electric dipole transition with high purity and suppress the magnetic dipole transition. The intensity ratio of these 
two luminescence depends largely on the local structure of the host, and in the inverted asymmetric structure, the 
electric dipole transition is the center. Therefore, in this study, we used a layered double hydroxide (LDH) doped 
with Eu3+ as a precursor to form a structure not including inverted symmetry in the local structure of binary metal 
oxide with solid solution of the tri-valence metal ion in MIIO structure. We have investigated the correlation be-
tween its structure and luminescent properties

Mg (NO3)2 6 H2O, Al (NO3)3 · 9H2O, Eu (NO3)3 · x H2O was dissolved in distilled water at a ratio of Mg: Al:Eu = 
66: 33: 1 and was kept constant LDH was synthesized by a coprecipitation method in which the pH of the solution 
was controlled by dropping NaOH-Na2CO3 mixed solution.

The synthesized LDH was calcined at 500 °C. for 12 hours to obtain a target metal oxide. The structure of the 
obtained sample was evaluated by XRD and XAFS, and the fluorescence characteristic was evaluated by a fluo-
rescence spectrophotometer. XAFS measurements were carried outat High Energy Accelerator Research Organi-
zation (KEK) Photon Factory BL-7C or BL-9A.

The synthesized LDH was identified by XRD measurement. As a result, the 003, 006 reflection unique to LDH 
disappeared, and 200, 220 reflections of MgO rock salt type structure newly appeared. The local structure of the 
metal oxide obtained by calcining LDH at 500 °C estimated from the XAFS analysis result is that Al3+, Eu3+, and 
cation defects are randomly distributed in the Mg2+ site of the rock salt type structure as shown in Fig. 1

The fluorescence spectrum of the obtained sample is shown in Fig. 2. When excited at 250 nm, emission maxima 
appearing at 613 nm is assigned to electric dipole transition. On the other hand, the emission appearing near 580 
nm, is assigned to the magnetic dipole transition, and its emission intensity was about half of that of the electric 
dipole transition. Originally, since the MgO type structure has inverted symmetry, emission due to electric dipole 
transition does not appear. However, in the sample obtained in this study, luminescence due to electric dipole 
transition showed higher intensity than luminescence by magnetic dipole transition. This is because the inversion 
symmetry is lost by the strain caused from randomly distributing Al3+ion at the Mg2+ site.

In the presentation, we will discuss about the adjustable luminescence color of Eu2+ ion doped sintered LDH.

M2+

M3+

O2-

Fig.1. Structure model sintered LDH Fig. 2. Photoluminescence of Eu3+dopedsintered LDH
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Highly efficient photo-induced water-splitting reaction is one of the goals of the artificial photosynthesis research-
es. Accordingly, many researchers reported various photocatalytic systems for water-splitting reaction such as 
Z-scheme [1]. Moreover, to achieve the photo-induced water-splitting reaction under visible light irradiation, tran-
sition metal doping to metal oxide framework [1,2] and hybridization of photosensitizer with metal oxide [3] were 
investigated. The hybrid systems of photosensitizer with metal oxide nanosheets have gret potential as photo-har-
vesting ability, effective photoelectron generation under light irradiation, and others. In this study, we prepared a 
series of hybrid system of α,β,γ,δ-tetrakis(1-methylpyridinium-4-yl) porphyrin ([H2TMPyP]4+) deposited on met-
al-doped titanate nanosheet (TiNS:Az, where A is Rh, etc., and z is a doped amount of A), then the photochemical 
behavior of [H2TMPyP]4+ in the prepared hybrid materials system was investigated.

The Na2Ti3-xRhxO7 was synthesized by solid state reaction, and exfoliated as a TiNS:Rhz colloidal suspension in 
TMAOH aqueous solution [4]. The hybrid of TiNS:Rhz/[H2TMPyP]4+ were synthesized as a thin solid stacked films 
on quartz substrate by conventional layer-by-layer (LbL) method [5]. Photochemical behavior of the TiNS:Rhx/
[H2TMPyP]4+ hybrid systems were examined by sequentially monitoring absorption spectra with light irradiation 
under low pressure, and various atmospheric conditions (dry N2, wet N2, and Ar gases).

A series of UV/Vis absorption spectra of LbL thin solid films containing of both TiNS:Rhz and [H2TMPyP]4+ was 
observed in every step of immersing process. As a result, the soret absorption band of [H2TMPyP]4+ shifted from 
422 nm (in water solution) to 438 nm. This red shift indicated that the environment surrounding [H2TMPyP]4+ 
molecule has less polarity [6], thus [H2TMPyP]4+ molecules could be intercalated into interlayer space between 
TiNS:Rhz by the present method. 

The TiNS:Rhz/[H2TMPyP]4+ hybrid film was irradiated for 2 hours by UV of 254 nm which more than 99% of 
incident UV could be adsorbed by TiNS:Rhz due to their wide energy band gap. At steady irradiation, the film 
changed from red-brown to clear color. The soret adsorption band of [H2TMPyP]4+ at 438 nm was decreasing as 
the increase of irradiation time. This result showed that the photodegradation of [H2TMPyP]4+ could be found un-
der UV light irradiation. Additionally, the effect of Rh dopant was also found. Consequently, the rate constants of 
photo-degradation reaction of [H2TMPyP]4+ was increased with an increase in amounts of Rh dopant. Hence, Rh 
dopant in part of Ti sites can enhance photocatalytic activity of TiNS:Rhz. 

In addition to visible light of 400, 450, 500, and 600 nm irradiation, it exhibited no detectable change both of soret 
absorption band of [H2TMPyP]4+ and film color after 24 hours irradiation time. This revealed the stability of hybrid 
film under the visible light. However, fluorescence quenching of [H2TMPyP]4+ was observed when the hybrid film 
was irradiated by the visible light of 450 compared to its free particle in water or ethanol solution. Hence, it could 
be indicated that the electron transfer from [H2TMPyP]4+ to TiNS:Rhz occurred when the TiNS:Rhz/[H2TMPyP]4+ 
hybrid film was irradiated by visible light; which shows a possibility to use the TiNS:Rhz/[H2TMPyP]4+ hybrid film 
for photocatytical reaction such as a visible-light-driven hydrogen production.

[1] Kudo A., Miseki Y. (2009). Heterogeneous photocatalyst materials for water splitting. Chem. Soc. Rev., 38, 253-278.
[2] Ida S., Kim N., Ertekin E., Takenaka S., Ishihara T. (2015). Photocatalytic Reaction Centers in Two-Dimensional Titanium Oxide Crys-

tals. J. Am. Chem. Soc., 137, 239-244.
[3] Yui T., Tsuchino T., Akatsuka K., Yamauchi A., Kobayashi Y., Hattori T., Haga M., Takagi K. (2006). Visible Light-Induced Electron 

Transfers in Titania Nanosheet and Mesoporous Silica Integrated Films. Bull. Chem. Soc. Jpn., 79, 386-396.
[4] Miyamoto N., Kuroda K., Ogawa M. (2004). Visible Light Induced Electron Transfer and Long-Lived Charge Separated State in Cyanine 

Dye/Layered Titanate Intercalation Compounds. J. Phys. Chem. B., 108, 4268-4274.
[5] Sakai N., Ebina Y., Takada K., Sasaki T. (2009). Electronic Band Structure of Titania Semiconductor Nanosheets Revealed by Electro-

chemical and Photoelectrochemical Studies. J. Am. Chem. Soc., 126, 5851-5858.
[6] Choi M.S. (2008). One-dimensional porphyrin H-aggregates induced by solvent polarity. Tetrahedron Lett., 49, 7050-7053.
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MODIFICATION OF CLAY MINERALS WITH ω-AMINOACIDS FOR USE 
IN DENTAL CEMENTS
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Amines adsorb strongly to smectites such as montmorillonite resulting in intercalated materials/organoclays. Ad-
sorption of omega-amino acids (ω-AA) has the added interest that the modifier itself can be polymerised into a 
nylon, thus allowing for in-situ polymerisation resulting in a clay nanocomposite [1].

One potential use of such ω-AA modified clay is as a nanofiller in dental filling material known as a glass ionomer 
cement (GIC). A GIC is an acid-based cement composed primarily of alumina-silica-calcium fluoride glass em-
bedded in a polyacrylic acid matrix. GICs are widely used in dentistry and have many clinically favourable prop-
erties, but they lack strength and this limits their applications. Thus methods to enhance the strength of GICs are 
of interest to the dental materials community. One study observed that adding 12-aminododecanoic acid (ADA) to 
a clay helped to increase the compressive strength of the GICs. [5,6]. Nevertheless, it has beenmentioned that one 
of the challenges for mixing clays with GICs is the technique used to get the clay well dispersed into the GICs [7].

The overarching aim of this work is to establish whether ω-AA modified clays could be used to increase tensile 
and compressive strength of GICs. In this study we treated clay with ADA and with 6-aminohexanoic acid (AHA) 
and characterised the organoclays using elemental analysis and X-ray scattering. Treatment is done from an aque-
ous dispersion of montmorillonite (MONT), either by room temperature mixing or by treatment at 80 ºC in acid 
medium [8].

Small-angle X-ray scattering (SAXS) revealed that ADA treatment resulted in a larger increase in basal layer spac-
ing than AHA, in line with the difference in chain length. However, for AHA an excess had to be added in order to 
achieve a good intercalation. In contrast with the ADA-MONT, the clay modified with AHA fully exfoliates into 
water. 

Initial compressive strength testing results of GICs modified with 2 wt% of these clays will be presented.

[1] Kato C., Kuroda K., Misawa M. (1978). Preparation of Montmorillonite-Nylon complexes and their thermal properties. Clays and Clay 
Minerals, 129-136.

[2] Hook, E., Owen, O., Bellis, C., Holder, J., O`Sullivan, D., Barbour, M. (2014). Development of a novel antimicrobial-releasing. Journal 
of Nanobiotechnology.

[3] Williams, J., Billington, R. (1989). Increase in compressive strength of glass ionomer restorative materials with respect to time: a guide 
to their suitability for use in posterior primary dentition. Journal of Oral Rehabilitation, 16, 475-479.

[4] Williams, J., Billington, R. (1991). Changes in compressive strength of glass ionomer restorative materials with respect to time periods of 
24 h to 4 months. Journal of Oral Rehabilitation, 18, 163-168.

[5] Dowling, A.H., Fleming, G.J. (2007). The impact of montmorillonite clay addition on the in vitro wear resistance of a glass-ionomer 
restorative. Journal of Dentistry, 309-317.

[6] Dowling, A.H., Stamboulis, A., Fleming, G.J. (2006). The influence of montmorillonite clay reinforcement on the performance of a glass 
ionomer restorative. Journal of Dentistry, 802-810.

[7] Fareed, M., Stamboulis, A. (2014). Nanoclay addition to a conventional glass ionomer cements: Influence on physical properties. Euro-
pean Journal of Dentistry, 1-11.

[8] Usuki A., Hasegawa N., Kato M. (2005). Inorganic Polymeric Nanocomposites and Membranes. Advances in Polymer Science, 141.
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VALORIZATION OF VARIOUS TYPES OF METAL(LOID)
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ALKALINE ACTIVATED MATERIAL: ENVIRONMENTAL AND SANITARY 
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soubrand marilyne (1), joussein emmanuel (1), Courtin-nomade alexandra (1), 
monneron-Gyurits mattHias (1), rossiGnol sylvie (2)
(1) Université de Limoges, GRESE “Groupement de Recherche Eau Sol Environnement”, Limoges, France, (2) Université de 
Limoges, SPCTS, Limoges, France

In a context of circular economy, the valorization way of contaminated mineral waste management (e.g. mining 
sediments, industrial by-product such as phosphogypsum, slags, sewage-sludge…) is up to date particularly in 
terms of alkali activated material and geopolymers. In fact, this can be effective if (i) the valorization by alkaline 
activation uses only untreated wastes, (ii) the environmental and sanitary risks are reduced up to inexistent (de-
pendant of the potential use of the final product), and (iii) the human acceptation of wastes-based material is better 
(i.e. needed that people are in accordance to have wastes-treated materials in their direct environment). As expect-
ed, these types of wastes, as well synthesized materials, are classically highly contaminated in metallic elements 
which can induce environmental and sanitary risks. So, it is quite important to evaluate the metal(loid)sbehaviour 
and speciation in wastes as well in the synthesized materials then their leaching behaviour. It is then needed to well 
characterize by X-ray diffraction, infrared spectroscopy, and electron microscopy the waste, as well their amount 
and type of clay minerals. About the presence of metal(loid)s element content, the use of modified BCR is a quite 
useful tool to estimate thechemical speciation (waste and synthesized material), as well the leaching behaviour 
according for example to EN12-457 or TCLP. Finally, the sanitary risks for each synthesized material may be also 
estimated using a derived protocol of the UBM - BARGE by taking into consideration various scenario relative to 
their potential use.

Examples of various effect of geopolymer-based material to incorporate wastes and stabilize the contaminants 
(elemental dependant) will be done, as well the potential environmental and sanitary risks.
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Heavy metal pollution is a problem associated with areas of intensive industry. However, roadways and automo-
biles now are considered to be one of the largest sources of heavy metals. Zinc, copper, and lead are three of the 
most common heavy metals released from road travel, accounting for at least 90 of the total metals in road runoff. 
Lead concentrations, however, consistently have been decreasing since leaded gasoline was discontinued. Smaller 
amounts of many other metals, such as nickel and cadmium, are also found in road runoff and exhaust. With the 
acceleration of the modernization process, excessive use of industrial chemicals, organic compounds and fossil 
fuels have attracted intensive attention. The use of zeolites can be a solution to this problem. In this present study, 
a commercial zeolite called CBV was used and tested in the elimination of two inorganic pollutants Lead and Cad-
mium; retention properties towards both pollutants and a real effluent were studied. This is an industrial discharge 
of a factory that manufactures batteries and which is located in the industrial zone east of Algiers.

The Lead and Cadmium retention properties were evaluated by adsorption isotherms of CBV, by introducing 60 
mg of solid in 50 mL of (Pb2+, Cd2+) aqueous solution at different concentrations (25, 50, 100, 150, 200, 300, 400, 
500, 600, 700, and 800 mg/L) for 24 h. These experiments were carried out under experimental conditions (pH 
4.5 and 5 (solution pH for Pb2+ and Cd2+ respectively), and fixed stirring rate) at 298, 308, and 318 K, in order to 
examine the temperature effect on (Pb2+, Cd2+) removal. CBV is very effective in lead and cadmium retention. Ad-
sorption capacity is pH dependent. CBV has more affinity for lead than Cadmium. Indeed, The adsorption capacity 
of Pb2+ ions increases from 24.83 to 106.66 mg / g when pH increases from 4 to 6. For Cd2+, the adsorbed amount 
increases from 6.5 to 44.91 mg/g.
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The use of aluminosilicates as a drug delivery vehicle has enabled advances in the pharmaceutical industry related 
to several factors, such as improving the release of poorly soluble drugs in water, delivery in specific and/ or dif-
ficult to reach places, access of large molecules to sites intracellular actives and the combination of several active 
ingredients in a single drug [1,2].

Aluminosilicates are materials with Al, Si and O as main chemical elements of their structure, in which the pres-
ence of other elements, as well as the organization of these atoms, lead to the existence of several different types 
of structures and properties, classified in two-dimensional and three-dimensional [2].

The two-dimensional, also known as lamellar, are mostly clays structurally formed by sheets of SiO4 tetrahedral 
connected by sheets of AlO6 octahedral [2]. The zeolitic materials are three-dimensional aluminosilicates, natural 
or synthetic, with SiO4 and AlO4 tetrahedral connected by oxygen atoms, resulting in a well-defined pore and 
cavity structure [3,4].

Based on this information, the objective of this study was to evaluate how aluminosilicates with different geom-
etries and accessibility influence the adsorption and desorption of organic molecules such as olanzapine. This 
understanding shall result as a basis for to know the interactions, advantages, and limitations in the use of different 
types of aluminosilicates as a drug delivery vehicle.

In this study, the adsorption capacity of a lamellar aluminosilicate, montmorillonite, and a three-dimensional, beta 
zeolite, were compared using olanzapine as the drug. Sample of zeolite beta and montmorillonite were preheated 
at 105 °C for 4 h in stove with air recirculation to remove the physically adsorbed water. After this, a mass of 0.5 
g of the aluminosilicate was added in a becker with 50 mL of solution of olanzapine (3.0 mg/mL) and left to stir 
for 72 h. The samples were centrifuged for 20 minutes at 2000 rpm. The supernatant was analyzed to evaluate the 
drug adsorbed and the decanted solid was characterized by FTIR, XRD and MEV.

For the dissolution test, a mass of developed material, equivalent to 10 mg of olanzapine, was submitted to three 
types of solutions with different pH (1.2, 6.8 and 7.4) equivalent to the regions of the stomach, first and second 
region of the intestine under agitation and temperature control (37 ºC). At pre-determined time intervals, aliquots 
were collected and analyzed for drug concentration.

As a result, it is possible to prove that both montmorillonite and beta zeolite have high adsorption capacity of 
olanzapine, in which for both cases about 90% of the drug present in the solution was stored in the zeolite pores or 
in the montmorillonite lamella. In the release test for zeolite beta was verified that even after 10 hours the material 
did not release to the different solutions. The percentage of drug released was only 27% in the medium to zeolite 
beta. However, the clay was able to release more than 90% of incorporated drug. The results shows that the pore 
and cavity organization in 3D aluminosilicate are factors that control the availability of the drug. Finally, the char-
acterizations proves that different types of interactions between the species involved in each case, accentuating the 
feasibility of applying in modified drug delivery.

[1] Farokhzad O.C., Langer R. (2009). Impact of Nanotechnology on Drug Delivery American Chemical Society. 3, 1. 
[2] Lopes A.C., Martins P., Lanceros-Mendez S. (2014). Aluminosilicate and aluminosilicate based polymer composites: Present status, 

applications and future trends Progress in Surface Science 89, 239-277.
[3] Weitkamp J. (2000). Zeolites and catalysis, Solid State Ionics 131, 175-188.
[4] Wang Y., Chen B. (2016). High-silica zeolite beta as a heterogeneous catalyst intransesterification of triolein for biodiesel production. 

Catalysis Today 278, 335-343.
[5] Pasti L., Sarti E., Cavazzini A., Marchetti N., Dondi F., Martucci A. (2013). Factors affecting drug adsorption on beta Zeolites. Journal 

of Separation Science 36, 1604-1611.
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As a result of population growth and the need to increase food production, the fertilizers to supply the macronu-
trients critical to plant growth, such as nitrogen, phosphorus and potassium, are an important tool to increase agri-
cultural productivity [1]. Among these macronutrients, nitrogen plays an important role in fundamental functions, 
making nitrogen fertilizers widely applied to agricultural soils, where the urea fertilizer is the most used due to 
its high concentration of nitrogen (46.6% wt), low cost, good solubility and easier mixing with other components 
[2]. However, high volatilization capacity of ammonia and nitrate leaching reduce its efficiency when applied to 
alkaline and coarse-textured soils. These losses could be significant, for example 50 to 70% of nitrogen can be lost 
through volatilization when applied through urea to soils [1,3]. An alternative is to optimize the use of fertilizers 
by encapsulation or mixing with other inert and environmentally friendly materials that promote the controlled 
release of nutrients to the soils, reducing losses, the need of successive applications and minimize environmental 
pollution. Among these materials, clay-based formulations due to its high adsorption capacity, easily cation ex-
change and high surface area can reduce the leaching, photodegradation and volatilization of these fertilizers [4]. 
Montmorillonite, a clay mineral abundant in bentonites, presents high capacity of cation exchange, being possible 
to storage NH4

+ ions from urea hydrolysis, controlling its release to the soil. With this objective, fertilizers based 
on urea and bentonite, obtained from deposits in Boa Vista(PB-Brazil), were formulated for this study. The formu-
lation was made by compacting mixtures in the form of pellets with 7mm diameter and 4mm thickness. Both urea 
and bentonite were ground and separated to a 45 mesh size, and subsequently mixed in various mass proportions. 
For the bentonite: urea composite, a 0.05 g / L polyvinylpyrrolidone (PVP) solution was added to granulate the 
mixture, making possible to flow during the compacting process, so that each tablet has approximately the same 
mass. All the materials were characterized using XRD, FTIR, TG / DSC, TPD-NH3, in order to determine phys-
ical, chemical and morphological aspects of the raw materials used, as well as the formulated fertilizers. In order 
to evaluate the volatilization of NNH3fromthe fertilizers, a greenhouse experiment was carried out using the meth-
odology SALE NNH3 [5]. The soil used was a sandy-textured Planosol Haplico, collected from 0-20cm depth. The 
experiment consisted of 33 experimental units evaluating five types of fertilizers, i.e. B1U4, B1U8, B1U16, tablet 
urea, pearled urea as reference, and soil without fertilization as control. For each fertilizer treatment, two dosages 
equivalent to 100 and 200 kgha-1 of nitrogen were used, with three replications of each treatment, in which the 
distribution of the experimental units occurred in a random manner.
The results showed that the formulation that reduced more the ammonia volatilization was the one that had less 
amount of clay, called B1U16 fertilizer, with reduce of ammonia volatilization of 11.20% and 15.98% for the dos-
ages of 100 and 200 kg.ha-1 respectively, this result was obtained by comparing the percentage volatilization from 
pearled urea with formulated fertilizers. Was also observed that using only the technique of compaction and the 
addition of PVP solution, it is possible to obtain significant reductions in ammonia volatilization applied through 
urea. Therefore, we conclude that it is possible to reduce the volatilization of ammonia from urea only by changing 
its geometry and adding elements to control its hydrolysis, as bentonite and PVP which have significantly reduced 
the losses of urea in the form of ammonia.

[1] Aarnio, T.; Martikainen, P. J. Mineralization of C and N and nitrification in Scots pine forest soil treated with nitrogen fertilizers con-
taining different proportions of urea and its slow-releasing derivative, urea-formaldehyde (1995). Soil Biology and Biochemistry, 27, p. 
1325−1331.

[2] Hettiarachchi, G.; Premarayhna, L.; Mclaughlin, M.; Kirby, J.; Stacey, S.; Chittleborough, D. Selenate-enriched urea granules are a higly 
effective fertilizer for selenium biofortification pf praddy rice grain (2012). Journal of Agricultural Food Chemistry, 60, 6037-6044.

[3] Xiaoyu, N.; Yuejin, W.; Zhengyan, W.; Lin, W.; Guannan, Q.; Lixiang, Y. A novel slow-release urea fertiliser: physical and chemical 
analysis of its structure and study of its release mechanism (2013). Biosystems Engineering, 115, 274-282.

[4] Wanyika, H. Controlled release of agrochemicals intercalated into montmorillonite interlayer space (2014). The Scientific World Journal, 
2014.

[5] Araújo, E. S., Marsola, T.; Miyazawa, M.; Soares, L. H. B; Urquiaga, S.; Boddey, R. M.; Alves, B. J. R. Calibration of semi-opened static 
chambre for the quantification of volatilized ammonia from soil (2009). Pesq.Agropec.Bras., 44, 769-776.
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Wastes from refineries, food and beverage industries [1], Solvay or ammonia-soda production [2], acetylene gas 
generation [3], aluminium production from Bayer process [4], steelworks slags [5], air pollution control [6] and 
chromite ore processing [7] are all examples of alkali-rich materials, composed mainly by calcium and sodium, 
with recovery potential. However, these are commonly discarded in controlled landfills [8]. In this work it was 
investigated the feasibility of using Al-anodizing waste (AAW) as an alternative material to treat alkali-rich ef-
fluents. This whitish material is highly hygroscopic, is composed by fine particles and shows certain plasticity. 
It presents similar features to mineral clays commonly used in wastewater treatment applications [9]. The AAW 
is produced in large quantities and, despite many applications have been proposed [10-13], is still mostly cast in 
landfills after previous treatment. In this work, the waste was tested as an alkali-exchange material. Its charac-
terization involved chemical (XRF) and mineralogical (XRD) determinations, while zeta potential and electrical 
conductivity measurements of aqueous suspensions containing calcium or sodium hydroxides were conducted to 
test its cationic exchange potential. The results revealed amorphous aluminum hydroxide as the main present com-
pound. Zeta potential and electrical conductivity analysis showed the waste as an amphoteric material in neutral 
medium, however, presents high reactivity in alkaline environments. XRD analisys displays calcium and sodium 
compounds precipitated as from alkali reactivity of the waste.

[1] Imran B., Khan S.J., Qazi I.A., Arshad M. (2016). Removal and recovery of sodium hydroxide (NaOH) from industrial wastewater by 
two-stage diffusion dialysis (DD) and electrodialysis (ED) processes. Desalination and Water Treatment, 1-7. 

[2] Steinhauser G. (2008). Cleaner production in the Solvay process: general strategies and recent developments. Journal of Cleaner Produc-
tion, 833-841.

[3] Jimoh O.A., Mahmed N., Okoye P.U., Ariffin K.S. (2016). Utilization of milk of lime [MOL] originated from carbide lime waste and op-
erating parameters optimization study for potential precipitated calcium carbonate [PCC] production. Environment Earth Sciences, 1251.

[4] Gräfe M., Power G., Klauber C. (2011). Bauxite residue issues: III. Alkalinity and associated chemistry. Hydrometallurgy, 60-79.
[5] Piatak N.M., Parsons M.B., Seal Ii R.R. (2015). Characteristics and environmental aspects of slag: a review. Applied Geochemistry. 

236-266.
[6] Bogush A., Stegemann J.A., Wood I., Roy A., (2015). Element composition and mineralogical characterisation of air pollution control 

residue from UK energyfrom-waste facilities. Waste Management, 119-129.
[7] Wu J.N., Li C.L., Yang F. (2015). The disposition of chromite ore processing residue (COPR) incorporating industrial symbiosis. Journal 

of Cleaner Production, 156-162.
[8] Gomes H.I, Mayes W.M., Rogerson M., Stewart D.I., Burke, I.T. (2016). Alkaline residues and the environment: a review of impacts, 

management practices and opportunities. Journall of Cleaner Production, 3571-3582.
[9] Srinivasan R. (2011). Advances in Application of Natural Clay and Its Composites in Removal of Biological, Organic, and Inorganic 

Contaminants from Drinking Water. Advances in Materiais Science and Engineering, 1-17. 
[10] Onutai S., Jiemsirilers S., Thavorniti P., Kobayashi T. (2015). Aluminium hydroxide waste based geopolymer composed of fly ash for 

sustainable cement materials. Construction and Building Materials, 298-308.
[11] Colonetti E., Kammera E.H., De Noni, Jr. A. (2014). Chemically-bonded phosphate ceramics obtained from aluminum anodizing waste 

for use as coatings. Ceramics International, 14431-14438. 
[12] Ribeiro M.J., Tulyaganov D.U., Ferreira J.M., Labrincha J.A. (2002). Recycling of Al-rich industrial sludge in refractory ceramic pressed 

bodies. Ceramics International, 319-326. 
[13] Marques I., Neto V., Grilo I., Vieira M.T., Júlio E. (2012) Recycling of residual sludge from aluminium anodizing and lacquering in clay 

bricks - case study of Portuguese industries. 4th International Conference on Engineering for Waste and Biomass Valorization, 10-13. 
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Bentonite clays allow large modifications planned in their microstructure, thus allowing specific properties to be 
obtained, making these materials to be applied in an immense range of industrial uses, among the several appli-
cations, it stands out its use in drilling fluids. Thus, this work aims to characterize physically, mineralogically and 
technologically bentonite clays of the City of Sossego, PB, Brazil, for use as a thixotropic agent in the formulation 
of drilling fluids. For this, the clays were characterized by the following techniques: laser granulometry (AG), 
X-ray diffraction (XRD), chemical analysis (EDX), cation exchange capacity (CTC), thermogravimetric (TG) And 
thermal differential (DTA). Then the clays were transformed into sodium by treatment with sodium carbonate (Na-
2CO3) and activated with combinations of (Na2CO3) and magnesium oxide (MgO). Subsequently, the rheological 
behavior of the dispersions was studied in order to determine apparent viscosity (VA), plastic viscosity (PV) and 
pH. The results showed that the samples studied presented typical characteristics of the bentonite from the State 
of Paraíba, showing the typical clay minerals, smectite, kaolinite and accessories. Concerning the use of clays as 
a viscosifying agent for drilling fluids, it was observed that clays activated with Na2CO3 partially accord the spec-
ifications required for use in water based drilling fluids. However, the combination of Na2CO3 and MgO, for the 
activation of the clays, produced an improvement in the properties of the fluids produced, proving to be applicable 
in well drilling.

Keywords: bentonites, drilling fluids, rheological properties.
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Among all the thiophene derivatives, 3,4-ethylenedioxythiophene (EDOT) based π-conjugated polymers have 
been extensively investigated for the past decade, because they exhibit unique properties such as electrochromic as 
well as electrooptic behaviour. They form part of low band gap polymers. The EDOT based thienyl oligomers are 
mostly synthesized using in situ prepared 3,4-ethylenedioxythiophenyl-2-magnesium bromide [1]. Additionally, 
the synthesis of EDOT based thienyl oligomers has been also achieved using stable 2-tributylstannyl-3,4-ethylen-
edioxythiophene [2] and the 2-pinacol-boronate ester of 3,4-ethylenedioxythiophene [3]. Recently, a direct C-H 
arylation of heteroarenes with aryl iodides was reported, using a palladium catalyst [4]. A procedure for the syn-
thesis and characterization of the EDOT based π-conjugated molecules through clay supported Pd-catalysed direct 
C-H bond activation (arylation) is reported in the present communication. EDOT and halobenzene derivatives 
(dibromobenzene, 4-bromobenzaldehyde, 4-iodo nitrobenzene, 4-bromoanisole and 9,10-dibromoanthracene) are 
taken in the ratio 2:1 or 1:1 in 10 mL of dry dimethylacetamide/dimethylformamide in three-necked round bottom 
flask under nitrogen atmosphere. To this, sodium acetate (2 mmol), tetrabutylammonium bromide (8 mmol) and 
clay supported palladium catalyst (MPd500) (10 mg) was added. The reaction mixture was allowed to stir at 80 
ºC for 12 hours. The mixture was poured into water and extracted with dichloromethane. The organic layer was 
washed several times with brine, water and dried using MgSO4. The product was recrystallized using chloroform. 
The products were analysed with LCMS, and comparison with reported spectral data (FT-IR, 1H NMR) and melt-
ing points. The yield of the products correlated well with the expected electronic effects of the substituents. Reus-
ability of clay supported palladium catalyst towards direct arylation reaction was tested for three reaction cycles 
without significant loss of catalytic activity. 
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[1] Apperloo J.J., Groenendaal L., Verheyen H., Jayakannam M., Janssen R.A.J., Dkhissi A., Beljonne D., Lazzaroni R., Brédas J.L. (2002). 
Optical and Redox Properties of a Series of 3,4-Ethylenedioxythiophene Oligomers. Chem. Eur. J. 8, 2384-2396.

[2] Pai Ch.L., Liu Ch.L., Chen W.Ch., Jeneke S.A. (2006). Electronic structure and properties of alternating donor-acceptor conjugated co-
polymers: 3,4-Ethylenedioxythiophene (EDOT) copolymers and model compounds. Polymer, 47, 699-708.

[3] Turbiez M., Frère P., Allain M., Videlot C., Ackermann J., Roncali, J. (2005). Design of Organic Semiconductors: Tuning the Electronic 
Properties of π-Conjugated Oligothiophenes with the 3,4-Ethylenedioxythiophene (EDOT) Building Block. Chem. Eur. J. 11, 3742-3752.

[4] Amaladas P., Clement, J.A., Mohanakrishnan A.K. (2007). Pd-mediated C-H arylation of EDOT and synthesis of push-pull systems 
incorporating EDOT. Tetrahedron, 63, 10363-10371.
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HYDROTHERMAL ALTERATION OF THE EDIACARAN BASALTS OF THE 
EAST EUROPEAN CRATON: A MODEL FOR MARTIAN CLAYS?
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140 thousand km2 Ediacaran basalt trap, up to 500 m of lavas and volcanoclastics, covers the western margin of the 
East European Craton (SW Belarus, NW Ukraine, N Moldova, NE Romania, and E Poland). These rocks under-
went a pervasive hydrothermal alteration. They have been studied for decades, mostly by microscopic and chem-
ical techniques. In particular, glassy-looking accumulations of dark material, known under name “chloropheite” 
were found even in very fresh-looking basalts. This contribution reports the investigation of mineral composition 
of basalts, including those with chloropheite, based on the bulk rock quantitative XRD, chemistry, Mössbauer 
spectroscopy, and XRD of clay fractions.

Quantitative XRD of the bulk rock provided the content of major primary minerals of basalt: basic plagioclase, py-
roxene, magnetite, ilmenite and pseudobrookite. In the investigated samples their sum, used as an index of basalt 
alteration, ranges from 93% to 4%, but never reaches 100%. Down to 80%, additional minerals present are quartz, 
dioctahedral and trioctahedral smectite, subsequently also Kspar and hematite. Below 80%, the contents of all 
these minerals increase, appear chlorite and chlorite-saponite as common components, and rare zeolites: analcime 
and clinoptilolite. Finally dioctahedral smectite (or illite-smectite in parts of the province which underwent burial 
diagenesis) and chlorite become dominant rock components.

The alteration of basalts took place in oxidizing conditions, as recorded by the appearance of hematite and by 
good positive correlation between the percent primary minerals and Fe2+/Fe3+ ratio of the bulk rock, measured by 
the Mössbauer spectroscopy. The Mössbauer ratios can be reasonably well modeled using the XRD mineral com-
position, if both di and trioctahedral smectite are assumed to contain more Fe3+ than Fe2+, while chlorite contains 
more Fe2+.

Chloropheite inclusions are composed of di and trioctahedral smectites and quartz, in proportions analogous to 
those measured in the surrounding basalt. In more altered samples, traces of smectite chloritization are detectable. 
The volcanic glass, reported earlier based on petrographic observations, was not detected. Fe2+/Fe3+ ratio of the 
chloropheite inclusions is identical as of the surrounding basalt. These observations offer no clue to solve the puz-
zle of smectites origin: whether they are products of final crystallization from the basaltic lava, altered latter by the 
hydrothermal action, or purely hydrothermal minerals. 

The chemical composition of basalts changes during the hydrothermal alteration in a systematic manner, but 
without major mass gain or loss: CaO decreases from 9 to 2%, Na2O decreases slightly, except of the rocks with 
analcime, MgO increases twice, from 4-5 to 9-10%, and B increases three times. Only in the most altered rocks an 
increase in K2O is noted. LOI (bound water + OH) increases ten times: from 0.4-0.5 to 5-6%. No clear trends were 
noted for other major or trace elements.

These chemical and mineral alteration trends are even more pronounced in tuffs interbedded with basalt flows, 
which also are much more acidic (SiO2 higher by 10-20% than in basalts). Locally tuffs contain also up to 37% 
of 1Mtv aluminoceladonite, a mineral not noted in basalts. In such cases enrichment in K2O instead of MgO is 
observed.

Top surface of the basalt series underwent intense Ediacaran weathering of lateritic type, producing vertical suc-
cession of dioctahedral smectite, mixed layer smectite-kaolinite and pure kaolinite, accompanied by increasing 
amount of hematite and characterized by an intense loss of mass of the primary rock.

Authors acknowledge financial support from the Polish National Science Centre MAESTRO grant 2013/10/A/ST10/00050
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ZEOLITE- AND/OR BIOGENIC OPAL-RICH TUFFS AND CLAYS, AND 
THEIR USE IN OLIVE OIL MILL WASTE TREATMENT
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Europe’s olive oil production is estimated at about 2,2×106 tons annually, most of which comes from the Medi-
terranean Countries, particularly Spain, Italy and Greece. During its extraction a large volume of olive oil mill 
waste [OOMW] is generated and subsequently discarded in the environment. OOMW is considered an important 
pollution factor mostly due to its heavy organic load, having Biochemical Oxygen Demand (BOD) and Chemical 
Oxygen Demand (COD) that can reach up to 100 and 220 g/L, respectively. Several methods for the degradation 
of the OOMW have been proposed, the majority of which involve physicochemical and microbial treatment of 
the wastes. Natural absorbents of diverse origin have been successfully tested for OOMW treatment, zeolite tuffs, 
clays and diatomite being among them. The aim of the present study is to characterize and test the OOMW ab-
sorption capacity of rocks containing biogenic and/or volcanic-derived micro-porous components. The absorbent 
materials tested were: 1- biogenic opal-A-rich clayey rocks, mainly with the form of cylindrical diatom frustules 
[central Greece], 2- opal-CT- and zeolite [clinoptilolite]-rich clayey rocks [Cyprus]. 3- zeolite [chabazite]-rich 
tuffs [Tuscany, Italy], and 4- saponite/montmorillonite and zeolite [chabazite and minor phillipsite]-rich tuffs 
[Samos Island, Greece]. All the samples were analyzed to define their mineralogy, chemistry, micro-texture, ap-
parent density, particle size distribution, pH, CEC, SSA, Cumulative Volume of Pores, Cumulative Surface Area of 
the Pores, Average Pore Width and Oil Absorption Values for two grain size fractions, <0,25mm and 0,25 -1,4mm. 
The OOMW used, was collected on January 2016 from a three-phase centrifugal olive processing plant, located in 
western Peloponnesus, Greece. The pH, BOD, COD and TOC content of the OOMW were also measured. Despite 
the presence of common minerals in the studied samples, they all exhibited diverse mineralogy defined by the 
major element chemistry. Significant differences were found in the micro-structure of the samples and the other 
physicochemical characteristics. Regarding the OOMW absorption capacity, the clayey rock of Cyprus exhibited 
the best results in both granulometries and was the sample with the most complex mineralogy, containing all three 
active components: smectite clays, zeolites and biogenic opal. Correlating the parameters measured it was revealed 
that the OOMW absorption capacity of the samples depended on their Cumulative Volume of Pores and not their 
Specific Surface area or CEC. It is therefore concluded, that the coexistence of multiple micro-porous components 
in the clayey sample, a case that rarely occurs in sedimentary deposits, is the main reason of its efficiency to act as 
functional OOMW absorbent. 
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Deep geological repository (DGR) is the globally accepted solution how to treat and manage spent nuclear waste 
(SNF) and high level waste (HLW). The safe disposal is based on the so-called multi-barrier safety concept, 
employing several engineered and natural barriers in order to ensure no harm to man and biota. The Czech deep 
geological repository (DGR) concept assumes that waste packages containing spent nuclear fuel (SNF) assemblies 
will be enclosed in steel-based canisters placed in vertical or horizontal boreholes at a depth of ~ 500m below the 
surface. The void between the canisters and the host crystalline rock will be backfilled with compacted bentonite 
which will make up the final engineered barrier. Processes that can influence any barrier, leading toward potential 
loss of its safety functions, need to be defined, described and understood. Canister material corrosion in the con-
tact with bentonite belongs to one of those processes that can be influenced by microbial presence. Therefore, the 
microbial abundance and diversity need to be studied even during the experiments focused on corrosion process 
description. 

In this work, we studied the composition of bacterial communities present in compacted bentonite samples recov-
ered from long-term experiment of the MACOTE (Material Corrosion Test) project. The experiments have been 
performed in the Grimsel test site (Switzerland), simulating the initial phase of canister corrosion process at ele-
vated temperatures after the repository closure. Samples of selected metal materials (copper, copper-coated steel, 
carbon and stainless steel) were placed into individual test modules and surrounded by either sodium bentonite 
(MX-80) or calcium-magnesium bentonite of Czech origin. Five identical modules (UJV design) were positioned 
in boreholes around 5 metres deep in granitic massive (2015). The modules have been constantly heated. Those 
would be removed after 1, 2, 5, 7 and 10 years. The first module was removed from the borehole after one year 
(2016) and the bentonite samples collected from this module were subjected to microbiological analysis.

Molecular biological approach was chosen to determine the composition of bacterial communities present in ben-
tonite samples, namely NGS amplicon sequencing of V4 region of 16S rRNA gene and quantitative PCR anal-
yses targeting sulphate-reducing bacteria (SRB), nitrate-reducing bacteria (NRB) and methanogenic archea. In 
addition, sample of groundwater, surrounding bentonite sealing, is being analysed using the same methods. When 
interpreting the results, we will focus on the differences in microbial consortia among different bentonite types, 
and between bentonite and water samples. The results of presented work will help to understand the microbial 
processes taking place during canister material corrosion in contact with compacted bentonite under repository 
conditions and their possible effect on engineered barrier systems.

Acknowledgement: the Czech involvement in MACOTE experiment is funded by SURAO. 
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Heat-treated kaolinite is currently one of the main raw materials for the production of geopolymers, which can be 
seen as an alternative binding material in concrete instead of cement. As kaolinite is applied in diverse applications 
(e.g. ceramic, paper, rubber, plastics, paint) and locally available only, common clays are considered to be a prom-
ising alternative which is less expensive compared to other raw materials to produce geopolymers. Common clays 
consist of several clay minerals comprising kaolinite and 2:1 layer silicates. For their optimized thermal activation 
before geopolymer production, the thermal (inter-)reactions of these clay minerals up to 1000 °C have to be under-
stood. In the first step, the coordination of octahedral Al will be studied. While 6-fold coordinated octahedral Al 
(AlVI) of kaolinite is transformed into 4-fold coordinated Al (AlIV) during dehydroxylation (DHX), the octahedral 
AlVI of montmorillonite is transformed into 5-fold coordinated Al (AlV) [1]. However, AlV is very often observed 
for dehydroxylated kaolinite [2] and the nature of the 5-fold coordination will be studied in comparison to AlV in 
dehydroxylated 2:1 clay minerals. 

For this purpose, a kaolinite (KBE1-M2) and a montmorillonite (BP-M0.2Na) were investigated. Both materials 
were obtained by separation of the <2 and <0.2 µm fraction of a kaolin and a bentonite, respectively. Compre-
hensive mineralogical characterization was performed by XRD, XRF, STA, CEC and layer charge measurement. 
Afterwards, the samples were thermally treated at elevated temperatures (200/275, 420/480, 555/600, 615/750, 
900/900 °C) to achieve full dehydration, partial dehydroxylation (DHX), full DHX and structural decomposition 
before recrystallization of high temperature phases. The heat treated samples were prepared in the STA (heating 
rate 10 K/min, cooling rate 20 K/min) in streaming air to record the degree of DHX. The Al coordination and the 
structural changes were studied by 27Al magic angle spinning nuclear magnetic resonance (MAS NMR) spectros-
copy using a Bruker Avance 400 (magnetic field 9.40 T, 27Al Larmor frequency 104.28 MHz, spinning rate 12 kHz, 
and zirconium rotor 4 mm).

Both clay minerals showed one resonance signal around 0 ppm, characteristic for AlVI. The 27Al MAS NMR spec-
tra of BP-M 0.2 Na showed one small resonance signal at 63 ppm, which revealed the presence of tetrahedral AlIV. 
The integral of this signal (0.8%) corresponds to the amount of AlIV (0.7%) in the smectite structure. The 27Al MAS 
NMR spectra of KBE1-M2 also showed a small signal at 66 ppm of AlIV that confirmed the presence of 5% diocta-
hedral mica with Al substitutions for Si in the tetrahedral sheet. With increasing sample treatment temperature, the 
overall intensity of the 27Al MAS NMR signals of both samples decreased drastically, while they increased again 
in the spectrum of BP-M0.2Na after heating to 900 °C due to the incipient recrystallization. Both samples showed 
a decreasing AlVI signal with progressive DHX. In the 27Al NMR spectra of BP-M 0.2 Na, a new signal appeared 
at 49 ppm (46 and 51 ppm), which intensity increased with the advanced degree of DHX. The observed Al signal 
displays a much higher chemical shift than so far published data for AlV (20-35 ppm) and it is more closely to 
common chemical shifts of AlIV (50-70 ppm) in clay minerals. In the 27Al NMR spectra of KBE1-M2 thermally 
treated at 555 °C two signals at 22 ppm (AlV) and 54 ppm were observed. The signal at 54 ppm shifted to 45 ppm 
with rising temperature. In the course of the present study, we are going to identify the nature of the AlV in heat-
ed kaolinite and the structural changes responsible for the low chemical shift of AlV in dehydroxylated smectite, 
which will have a tremendous influence on the geopolymers properties.

[1] Maia A.Á.B. et al (2014). Applied Clay Science, 189-196. 
[2] Drits V.A., Besson G., Muller F. (1995). Clays and Clay Minerals, 718-731.
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Unconventional hydrocarbon resources, such as the oil sands deposits in Western Canada, are increasingly impor-
tant for addressing the global energy demand. Currently, bitumen is recovered from mined oil sands using hot wa-
ter extraction (HWE), a flotation process that involves phase separation and leaves large amounts of water trapped 
in a stable suspension of fine clay particles. Non-aqueous extraction (NAE), an alternative process based on the 
use of mainly hydrocarbon solvents, eliminates water usage but faces technological and environmental challenges 
related to solvent recovery [1].

This presentation will discuss the results from previous studies on the stacking and adsorption behaviour of clays 
representative of the oil sands. A research approach based on computational modelling correlated with experiments 
is employed to study the stacking and adsorption behaviour of clay minerals representative of the oil sands so as to 
address important challenges to NAE and HWE. The 3D reference interaction site model (3D-RISM) is employed 
to calculate the structure and thermodynamics of adsorption of petroleum fragments on clays in solution, as well 
as the potential of mean force for stacking of kaolinite nanoplatelets in a range of thermodynamic conditions. This 
model predicts correctly the surface adsorption energies and kinetic barriers related to the liquid organization near 
a solid surface that have to be overcome by molecules approaching the solid surface [2]. Multilayer adsorption 
and molecular recognition interactions of heterocyclic compounds representative of heavy oil components with 
kaolinite in aromatic and aliphatic extraction solvents are calculated and analysed to elucidate the mechanism of 
adsorption. The isotherms for adsorption for heterocycles are determined experimentally and analysed to calculate 
the adsorption affinity and capacity [3,4]. Hydrocarbon adsorption on clay in liquid and supercritical CO2 solvent 
is also investigated [5]. The effect of flocculant additives on the stacking interaction of kaolinite platelets in aque-
ous electrolyte solutions is explored to help understand the mechanism of action of hydrophilic and hydrophobic 
polymers for enhanced flocculation and dewatering of aqueous clay suspensions [6]. 

The results showcase a powerful computational modelling platform for understanding the mechanism of adsorp-
tion and stacking on clays and design of additives to control particle organization in solution. The computational 
results correlate well with the experiment to present a detailed mechanistic picture of the clay-molecule interac-
tions in solution. The results highlight the importance of this advanced research approach for helping decrease the 
environmental impact and enhance hydrocarbon recovery from challenging resources, such as the oil sands. 

[1] (a) Lin F., Stoyanov S.R., Xu Y. (2017). Recent Advances in Non-Aqueous Extraction of Bitumen from Mineable Oil Sands: A Review. 
Org. Process Res. Dev. (submitted); (b) Stoyanov S. R., Xu Y., Kovalenko A., Dabros T. (2016). Computational Modeling Insights into the 
Competing Chemical and Solvation Interactions that Control the Process of Non-Aqueous Extraction of Bitumen from Oil Sands. Prepr. 
Pap.-Am. Chem. Soc., Div. Energy Fuels, 61, 336-339.

[2] Stoyanov S.R., Gusarov S., Kovalenko A. (2011). Multiscale Modeling of the Adsorption Interaction between Bitumen Model Com-
pounds and Zeolite Nanoparticles in Gas and Liquid Phase. In Industrial Applications of Molecular Simulations, Meunier, M., Ed.; CRC 
Press, Taylor and Francis Books, Boca Raton, FL, USA, pp. 203-230.

[3] Huang W.-J., Dedzo G.K., Stoyanov S.R., Lyubimova O., Gusarov S., Singh S., Lao H., Kovalenko A., Detellier C. (2014). Molecule-Sur-
face Recognition between Heterocyclic Aromatic Compounds and Kaolinite in Toluene Investigated by Molecular Theory of Solvation 
and Thermodynamic and Kinetic Experiments. J. Phys. Chem. C, 118, 23821-23834.

[4] Fafard J., Lyubimova O., Stoyanov S.R., Dedzo G.K., Gusarov S., Kovalenko A., Detellier C. (2013). Adsorption of Indole on Kaolinite in 
Non-aqueous Media: Organoclay Preparation, Characterization, and Investigation by the 3D-RISM-KH Molecular Theory of Solvation. 
J. Phys. Chem. C, 117, 18556-18566.

[5] Lage, M.R.; Stoyanov, S.R.; Carneiro, J.W.M.; Dabros, T.; Kovalenko, A. (2015). Adsorption of Bitumen Model Compounds on Kaolinite 
in Liquid and Supercritical Carbon Dioxide Solvent: A Study by Periodic DFT and 3D-RISM-KH Molecular Theory of Solvation. Energy 
Fuels, 29, 2853-2863.

[6] Hlushak S., Stoyanov S.R., Kovalenko A. (2016). A 3D-RISM-KH Molecular Theory of Solvation Study of the Effective Stacking Inter-
actions of Kaolinite Nanoparticles in Aqueous Electrolyte Solution Containing Additives. J. Phys. Chem. C 120, 21344-21357.
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The incorporation of selenium (Se) into the environment mainly by anthropogenic activities such as agricultur-
al drainage, oil refinery residues and thermoelectric plants [1] has produced an accumulation of this element in 
groundwater, affecting drinking water, as reported in Canada and the United States [2]. Se in low concentrations 
is an essential micronutrient for humans, however when its ingested concentration exceeds 10 μ·L-1 may cause 
to fatigue, cytotoxicity and genotoxicity [3]. In oxidizing environments the predominant form of this oxanion is 
selenate (SeVI), in addition Se in natural aqueous matrices is coexisting with other anions, such as arsenate (AsV), 
which could affect the selectivity and removal capacity of the adsorbents used. Among these are the nanoparticles 
of zerovalent iron (nZVI), which can be immobilized on natural porous substrates such as zeolite (Z), and montmo-
rillonite (Mt), to reduce its mobility and agglomeration [3]. In the present work, nZVI and composites of Z-nZVI 
and Mt-nZVI were synthesized and was evaluated for the adsorption of SeVI in the presence of AsV by means of 
pH studies (pH 3.0-10.0), kinetics and sorption isotherms. The synthesis of the composite was performed with a 
theoretical 2:1 mixture of clay:nZVI(w/w) (Z-nZVI and Mt-nZVI). The kinetic studies were performed with 50 
mg of material and solutions of 200 mg·L-1 SeVI and AsV at different times of agitation. For the isotherms 50 mg of 
absorbent and solutions of SeVI and AsV between 0.5-200 mg·L-1, NaCl 0.01 M (support electrolyte) at pH = 7.0 in 
a monocomponent system (MS) and in a binary system (BS). The pH study showed that the maximum sorption of 
SeVI in a MS using nZVI, Z-nZVI and Mt nZVI between pH 3.0 and 10.0, was 69.4, 40.9 and 24.4%, respectively. 
On the contrary, in the BS the removal of SeVI decreased for nZVI to 56.9%, whereas for Mt-nZVI and Mt-nZVI 
to 13.3% to 13.2%, respectively. According to the kinetic studies the model that best describes the sorption process 
for nZVI was that of pseudo second order, whereas for Z-nZVI and Mt-nZVI it was the pseudo first order. The 
immobilization of nZVI in Z and Mt generated an increase in SeVI removal of about 8.1 and 28 times, respectively, 
with respect to the pristine material. Sorption isotherms showed that the model describing the sorption process in 
MS is that of Freundlich, suggesting that the adsorption in the three adsorbents occurs in a heterogeneous surface 
and multilayer. With respect to the null adsorption of SeVI determined in the kinetics and isotherms sorption in BS, 
it may be related to the fact that the functional groups of the absorbents ≡Fe -OOH and ≡Fe-OH have a higher 
affinity for AsV compounds. Therefore it is proposed that the Z-nZVI composite is a better alternative to be used in 
the removal of SeVI in aqueous systems in which AsV is not present.

Acknowledgements: the author thanks to the Comisión Nacional de Investigación Científica y Tecnológica (CONICYT-Chile).

[1] Navarro-Alarcon, M., Cabrera-Vique, C. (2008). Selenium in food and the human body: A review. Sci. Total Environ. 400, 115-141. 
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[3] Szlachta, M., Chubar, N. (2013). The application of Fe-Mn hydrous oxides based adsorbent for removing selenium species from water. 

Chem. Eng. J. 217, 159-168.



Scientific Research Abstracts
Vol. 7, p. 731, 2017
ISSN 2464-9147 (Online)
XVI International Clay Conference | ICC 2017 | Granada, Spain
© Author(s) 2017. CC Attribution 3.0 License

STRUCTURAL COLOR OF THE INORGANIC NANOSHEET/POLYMER 
COMPOSITE GEL

kEiichiro suEyoshi*, shinya yamamoto, noBuyoshi miyamoto**
Department of Life, Environment and Materials Science, Fukuoka Institute of Technology 3-30-1, Wajirohigashi, Higashiku, 
Fukuoka, Japan 
**corresponding author: miyamoto@fit.ac.jp

Inorganic nanosheets are obtained by dispersion and exfoliation of inorganic layered crystals in a solvent. Under 
a certain condition, nanosheets dispersed in a solvent are spontaneously ordered by excluded volume effects, to 
form crystal phase with regulated structures. We call these kinds of nanosheet colloids as “nanosheets liquid crys-
tal”. Further, some of nanosheet liquid crystals show structural colors [1]. Structural color arises from diffraction, 
reflection and refraction of light. The observed color and layer spacing of the liquid crystal phase is basically 
correlated based on Bragg’s law and Snell’s law. Since the color is not due to absorption of light upon electron 
transition, structural color materials have high durability and, in the case of soft materials, responsiveness to struc-
tural changes triggered by external stimuli. In this study, we demonstrate immobilization of the nanosheet liquid 
crystal with structural color in polymer gel matrix by in-situ polymerization technique, [4] in view of applications 
as stimuli-responsive soft material.

The layered perovskite nanosheets liquid crystal was synthesized using the method reported previously, [5] fol-
lowed by removable of excess salt. Into the 2 g of nanosheets liquid colloid, 1.29 mmol of the monomer (N-iso-
propylacrylamide; NIPAm), 649 µmol of crosslinker (N,N’-methylenbisacrylamide) and 0.00609 µmol of initiator 
(2-Hydroxy-2-methylpropiophenone) were dissolved. The mixture was irradiated with UV-light to finally obtain 
the nanosheet/pNIPA composite gels with structural colors by radical polymerization.

We observed changes in structural color of as the synthetic step proceeds. The nanosheet colloid (2.0 wt% and 
above) showed pearl-like structural colors of green, purple, and yellow, depending on the view-angle and the 
concentration. However, the colors disappeared by adding the monomer, cross-linker and initiator. After polymer-
ization and swelling to equilibrium state, colors appeared again. Meanwhile, we confirmed strong birefringence in 
the samples before and after polymerization by observing the gels with crossed polarizers.

Structural analysis was then performed by small angle X-ray scattering measurement. In the gel with the structural 
color (nanosheet concentration is 3.0 wt%), the peaks due to lamellar structure with basal spacing of 117 nm was 
observed. In contrast, no peak was detectable in the sample with no structural color (nanosheet concentration = 
1.0 wt%). Thus, the structural color is due to the existence of orientation order and position order of nanosheets 
in the gel.

The color of the gel was reversibly changed between green and blue by mechanically compressing the gel. The 
change in the color was confirmed by using reflection spectrum measurements. In the spectrum, a peak is observed 
at 517 nm before compression and it shifted to 458 nm after compression. 

Acknowledgment: this research was supported by KAKENHI (#24104005 and #15K05657); Canon Foundation; Network Joint Research 
Center for Materials and Devices; and Strategic Research Foundation Grant-aided Project for Private Univ. from MEXT.
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COMPOSITIONAL CHARACTERS OF FINE SEDIMENTS FROM THE 
MONTESCAGLIOSO LANDSLIDE (BASILICATA, SOUTHERN ITALY)
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Plio-Pleistocene fine sediments in Southern Italy are often affected by erosion processes and landslides, which are 
very important hazards to anthropic environments, causing serious socio-economic damage and the loss of human 
life. Previous research has highlighted the importance of using a multidisciplinary approach to study these process-
es, integrating geological and geomorphological surveys and geotechnical tests along with detailed compositional 
characterization of the sediments and a careful definition of the type and intensity of weathering processes [1,2]. 

This study focused on a large landslide which occurred after intense and continuous rainfall in Montescaglioso 
(Basilicata, Southern Italy) on 3rd December 2013. The landslide affected a deep ancient slope failure and caused 
significant damage to buildings and infrastructures in an urbanized zone of the village. The prevailing slip mecha-
nism is translational with a rotational component [3].

The study consisted of the compositional characterization of landslide sediments, belonging to the Subapennine 
Clay Formation of the Bradanic Foredeep, consisting of a hemipelagic succession of grey-blue marly and silty 
clays with lenticular sandy and silty bodies [4,5].

The stratigraphic characterization of the sediments from the landslide provided a distinction between debris cover 
and autochthonous silty-clayey component of the altered bedrock up to a depth of 25 m. Detailed sampling was 
performed at several depths in order to collect samples representative of all macroscopic lithological, structural 
and textural changes.

Grain size, mineralogical and chemical characterization of sediments was carried out and Atterberg limits and 
activity were determined. A new weathering index was used for these sediments and its depth trend was compared 
to the compositional characters.

Some correlations between compositional characters of sediments and their physical behaviour were detected (e.g. 
between <8 µm fraction and plasticity). A zone showing an increase in the <8 µm fraction and larger amounts of 
phyllosilicates was found between 15 and 20 m below ground level, where higher plasticity and liquidity were also 
detected. The weathering index also showed anomalous values, indicative of an increased alteration in sediments 
at the same depth. Furthermore, kaolinite also occurs in increased amounts in this zone, and previous studies have 
already indicated it as a possible risk factor in relation to the triggering of slip in landslides affecting analogous 
Plio-Pleistocene sediments [1,2]. As such, this depth range could be identified as a possible weakness zone, ac-
cording to the increased alteration of sediments compared to the surrounding zone in the stratigraphic column. 
Further studies will be performed to characterize deeper sediments and assess the effectiveness of the latterly 
discussed compositional characters as predicting factors for the depth of the slope failure and/or as diagnostic 
elements of an already active slide.

[1] Summa V., Margiotta S., Colaiacovo R., Giannossi, M.L. (2015). The influence of the grain-size, mineralogical and geochemical compo-
sition on the Verdesca landslide. Natural Hazards and Earth System Sciences, 15, 135 - 146. 

[2] Summa V., Tateo F., Giannossi M.L., Bonelli C.G. (2010). Influence of clay mineralogy on the stability of a landslide in Plio-Pleistocene 
clay sediments near Grassano (Southern Italy). Catena, 80, 75 - 85. 

[3] Manconi A., Casu F., Ardizzone F., Bonano M., Cardinali M., De Luca C., Gueguen E., Marchesini I., Parise M., Vennari C., Lanari R., 
Guzzetti F. (2014). Brief Communication: Rapid mapping of landslide events: the 3 December 2013 Montescaglioso landslide, Italy. 
Natural Hazards and Earth System Sciences, 14, 1835 - 1841.

[4] Ricchetti G. (1967). Lineamenti geologici e morfologici della media valle del fiume Basento. Società Geologica Italiana, Bollettino, 86, 
607 - 622.

[5] Tropeano M., Sabato L., Pieri P. (2002). The Quaternary post-turbidite sedimentation in the south-Apennines foredeep (Bradanic 
Trough-southern Italy). Bollettino della Società Geologica Italiana, 121(1), 449 - 454.
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CHROMIUM AND NICKEL BEARING MINERAL PHASES IN SERPENTINE 
SOILS FROM THE SOUTHERN APENNINES
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The presence of heavy metals in shallow groundwaterand soils, usually related to anthropogenic causes, can also 
belinked to geogenic factors, in particular geo-environmental contexts characterized by rocks naturally containing 
these elements. The northern sector of the Pollino Massif (Southern Italy) is a very important pilot case as it is 
characterized by the presence of ultramafic and crystalline rocks, such as metabasites, serpentinites and gneiss, 
which are potential natural “tanks” of several heavy metals, including chromium and nickel, enriching the soil and 
ground water significantly [1,2]. This study investigates the mobility of chromium and nickel inserpentine soils in 
a cultivated pilot area, through the compositional characterization of soils, parent rocks and the groundwater used 
for irrigation. Multiple chemical extractions using the BCR scheme were performed and metal concentration data 
was validated usingcertified reference material BCR-701 (lake sediment).

Samples studied showed the mineralogical paragenesis typical in serpentine soils, together with allogenic contri-
butions mainly consisting of quartz, micas and K-feldspars, in this order of abundance. Dominant minerals were 
serpentine in chrysotile form and iron chlorite, according tohigh iron concentrations detected in chemical analyses. 
Diffractometer peaks also showed significant amounts of spinels (chromite and Cr-magnetite) and Cr-chlorite. 
Olivine and pyroxenes also occur in smaller quantities. Nickel can be released from these primary minerals by 
weathering and substitute for magnesium in clay minerals during the early stages of serpentine soil development 
[3,4,5]. Clay minerals were mainly represented by vermiculite and interstratified vermiculite/chlorite. The <2 µm 
fraction analysis confirmed the prevalence of serpentine, chlorite and amphibole and highlighted the presence of 
vermiculite/oxide and hydroxideinterstratifiedphases. No significant differences were observed along the strati-
graphic profile. 

Sequential extraction (BCR scheme) results were consistent with mineralogical analyses. Nickel was distributed 
among the soluble/extractable, reducible, organic and residual fractions. The latter contains more Ni (67% on av-
erage) than the other fractions, whichis typical of the occurrence of Ni-bearing phases such as serpentine, olivine, 
pyroxenes [5,6], according to mineralogical observations. 

Chromium dominates in the residual fraction (89% on average), in line with the presence of spinels and other 
Cr-rich minerals which are less susceptible to weathering and were dissolved during the fourth step of extrac-
tion. However chromite chemical modificationscould increase the potential labile chromium and favour chromite 
weathering [5,7,8]. This could partially explainthe very high concentrations of chromium detected in the spring 
watersin the area, together with theintense rock mass fracturing that enhances the rock-water interaction surfaces, 
favouring the weathering processes.

[1] Margiotta, S., Mongelli, G., Paternoster, M., Sinisi, R., & Summa, V. (2014). Seasonal groundwater monitoring for trace-element distribu-
tion and Cr (VI) pollution in an area affected by negligible anthropogenic effects.Fresenius Environmental Bulletin, 23(12 C), 3482-3494.

[2] Margiotta S., Mongelli G., Summa V., Paternoster M., Fiore S. (2012). Trace element distribution and Cr(VI) speciation in Ca-HCO3 and 
Mg-HCO3 spring waters from the northern sector of the Pollino massif, southern Italy. Journal of Geochemical Exploration 115, 1-12.

[3] Lee, B.D., Graham, R.C., Laurent, T.E., Amrhein, C., & Creasy, R.M. (2001). Spatial distributions of soil chemical conditions in a serpen-
tinitic wetland and surrounding landscape. Soil Science Society of America Journal, 65(4), 1183-1196.

[4] Kierczak, J., Neel, C., Bril, H., & Puziewicz, J. (2007). Effect of mineralogy and pedoclimatic variations on Ni and Cr distribution in 
serpentine soils under temperate climate.Geoderma, 142(1), 165-177.

[5] Cheng, C.H., Jien, S.H., Iizuka, Y., Tsai, H., Chang, Y.H., & Hseu, Z.Y. (2011). Pedogenic chromium and nickel partitioning in serpentine 
soils along a toposequence. Soil Science Society of America Journal, 75(2), 659-668.

[6] Becquer, T., Quantin, C., Rotte - Capet, S., Ghanbaja, J., Mustin, C., & Herbillon, A.J. (2006). Sources of trace metals in Ferralsols in New 
Caledonia. European Journal of Soil Science, 57(2), 200-213.

[7] Garnier, J., Quantin, C., Martins, E. S., & Becquer, T. (2006). Solid speciation and availability of chromium in ultramafic soils from 
Niquelândia, Brazil. Journal of Geochemical Exploration, 88(1), 206-209.

[8] Hseu, Z.Y., Tsai, H., Hsi, H.C., & Chen, Y.C. (2007). Weathering sequences of clay minerals in soils along a serpentinitictoposequence. 
Clays and Clay Minerals, 55(4), 389-401.



Scientific Research Abstracts
Vol. 7, p. 734, 2017
ISSN 2464-9147 (Online)
XVI International Clay Conference | ICC 2017 | Granada, Spain
© Author(s) 2017. CC Attribution 3.0 License

MONITORING THE Ar RETENTIVITY OF K/Ar ILLITE FINE FRACTION 
AGES IN THE CONTACT METAMORPHIC AUREOLE OF THE TORRES 
DEL PAINE INTRUSION (CHILE)
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(1) Department of Earth Sciences, University of Geneva, Geneva, Switzerland, (2) Geoscience Centre, University of 
Göttingen, Göttingen, Germany

The K/Ar illite closing temperature for illite fine fractions (<0.2 µm, <2 µm) is so far poorly constrained. Early 
studies reported a closure temperature interval (end of significant diffusion of Ar) for mica fractions (<2 µm) of 
260 ± 30 C [1]. Other authors found indications that fine-grained white micas (sericite <2 µm) did not behave as 
open systems, even at temperatures of 275 °C [2].

This study aims to monitor the Ar retentivity behaviour in a contact aureole setting to set new constraints for the 
closing temperature of the <0.2 µm and <2 µm illite fractions. The contact metamorphic aureole of the Torres del 
Paine intrusion in southern Chile (51°S) provides the possibility of studying profiles related to temperature as a 
function of the distance to the intrusive body and their respective K/Ar ages. The temperature conditions of the re-
gional metamorphosed pelitic host rock and the contact metamorphic pelite is monitored by chlorite thermometry, 
illite and chlorite crystallinities and by temperatures obtained from Raman spectroscopy on carbonaceous material. 

The Torres del Paine intrusive complex is located in the Magallanes foreland basin. The regional thermal evolution 
in the Magallanes Basin is characterized by a complex interaction of burial under diagenetic conditions, deforma-
tion during fold-and-thrust belt formation under anchizonal to epizonal conditions, and contact metamorphism. 
The thrusting and associated uplift is dated at around 60 Ma and anchizonal metamorphism with temperatures 
between 240 and 270 °C. The Miocene Torres del Paine intrusive complex was emplaced between 12.59 and 12.43 
Ma into the folded Cretaceous Cerro Toro and Punta Barrosa formations [3,4]. The somewhat earlier Paso Gardner 
intrusion is dated at 16.24 Ma [5].

The metapelites were sampled in three profiles starting from the cordierite-in isograde of the contact aureole to the 
regional anchizonal host rock unaffected by the intrusion. K-Ar ages were obtained for nine samples in their <0.2 
and <2 µm fractions.

First promising results constrain the beginning Ar-degassing of illites in the <2 µm fraction to temperatures of 
287±32 °C. A gradually increasing amount of Ar loss towards the intrusion is observed up to a temperature of 
300 °C. A complete reset occurs at a distance of 400 m to the early Paso Gardner gabbro diorite intrusion located 
in the western part of the Torres del Paine intrusive complex. This sample yields an age of 15.1±0.5 Ma and first 
temperature estimations indicate a temperature of 370±7.2 °C. 

[1] Hunziker J., Frey M., Clauer N., Dallmeyer R., Friedrichsen H., Flehmig W., Hochstrasser K., Roggwiler P., Schwander H. (1986). The 
evolution of illite to muscovite; mineralogical and isotopic data from the Glarus Alps, Switzerland. Contributions Miner Petrol, 157-180. 

[2] Wemmer K., Ahrendt H. (1997). Comparative K-Ar and Rb-Sr age determinations of retrograde processes on rocks from the KTB deep 
drilling project. Geol. Rundsch., 272-285.

[3] Michel J., Baumgartner L., Putlitz P., Schaltegger U., Ovtcharova M. (2008). Incremental growth of the Patagonian Torres del Paine 
laccolith over 90 k.y. Geology, 459-462.

[4] Leuthold J., Müntener O., Baumgartner L., Putlitz B., Ovtcharova M., Schaltegger U. (2012). Earth and Planetary Science Letters, 85-92. 
Title of the cited paper. Journal, pages. Please pay attention to the rules for preparing your abstract.

[5] Allemann L. (2014). Cartographie, géochimie et géochronologie des roches ignées du Nord-Ouest du parc de Torres del Paine, Chili. 
Master thesis, University of Lausanne.



Scientific Research Abstracts
Vol. 7, p. 735, 2017
ISSN 2464-9147 (Online)
XVI International Clay Conference | ICC 2017 | Granada, Spain
© Author(s) 2017. CC Attribution 3.0 License

PROPERTIES AND PROCESSING OF CLAY-POLYMER 
NANOCOMPOSITES MODELLED USING A MULTISCALE APPROACH

james l. suter, peter v. Coveney 
University College London, London, United Kingdom 

With ever increasing computing power, one can envisage developing novel materials in-silico through bottom-up 
design, where chemical specificity and molecular self-assembly is used as a fabrication tool. To model these pro-
cesses, we have to simulate the behaviour of the materials at the mesoscale. Modelling the very small length and 
timescales (atomistic) and the very large (continuum) is commonplace, but the intermediate regime (0.01—100 
micrometers), where collective behaviour becomes important, is much rarer, due to the complexity resulting from 
interactions occurring over many length and time scales. 

Here we will present our findings from modelling chemically specific combinations of clay, polymers and organic 
surfactants using multiscale simulation to explore mesoscale properties [1,2]. The aim of our study is to predict the 
chemical and physical conditions required to disperse aggregated layered nano clay tactoids into their individual 
separated layers. We have considered two general factors: 

1. Equilibrium conditions (such as the chemical composition and grafting density of surfactants on the layer sur-
face); 

2. Processing conditions (such as the mechanical force required to shear off a layer from a stack of aggregated 
layers, found in melt-extrusion processing conditions). 

We have firstly calculated by computer simulation, using high fidelity coarse-grained molecular dynamics, the free 
energy required to separate clay sheets in organically modified clay-polymer nano-composites. To achieve this, we 
constrained the separation of surfactant-treated clay sheets while immersed in a polymer melt. The chemically spe-
cific polymer molecules can, therefore, move into the nanoscale interlayer region as the layer separation increases. 
Our simulations and associated calculations assess the many competing factors that determine the equilibrium 
separation of the clay tactoids, including the enthalpic attraction of the polymer to the clay surface, compared to 
the surfactant molecules, and various entropic changes, such as the increase in entropy of the surfactant chains 
when the sheets are separated and the associated reduction in entropy due to the confinement of the intercalating 
polymer molecules. 

Secondly, with such layer separations known, we can estimate the force required to “shear off” one of the separated 
sheets at these configurations by adding a force to a clay sheet in the lateral directions, and observing whether this 
is sufficient to separate the tactoid. Finally, we have simulated a large tactoid of many clay sheets experiencing 
shear forces transmitted through the molten polymer molecules, on which we impose a shear flow, reflecting the 
situation found in melt-extrusion processing conditions. These simulations have now been performed for a variety 
of chemically distinct polymers and surfactants (both hydrophobic and hydrophilic), along with varying surfactant 
grafting densities, to produce chemically specific predictions for these clay-polymer nano composite systems. 

[1] Suter J.L., Groen D., Coveney P.V. (2015). Chemically specific multiscale modeling of clay-polymer nanocomposites reveals intercala-
tion dynamics, tactoid self-assembly and emergent materials properties. Advanced Materials 27 (6), 966-984.

[2] Suter J.L., Groen D., Coveney P.V. (2015). Mechanism of exfoliation and prediction of materials properties of clay-polymer nanocompos-
ites from multiscale modeling. Nano Lett. 15, 8108-8113.
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STUDY OF THE FORMATION OF SODIUM-TYPE SYNTHETIC MICA AND 
ITS CESIUM ADSORPTION CHARACTERISTICS
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Although six years have passed since the accident at Fukushima Daiichi Nuclear Power Station, little news has 
been heard about its decontamination. Moreover, the problems arising from the presence of radioactive materials 
in environmental water and contaminated water are still far from being resolved. According to recent information, 
the cooling device of the frozen soil wall has been stopped. Apart from this, several other problems need to be 
addressed in order to not increase the amount of contaminated water. To this end, our laboratory reported certain 
methods for the adsorptive removal of cesium (Cs) using clay minerals. In one of these methods, an adsorbent 
obtained by transforming sodium taeniolite into a sponge-like state was found to be efficient for the removal of 
Cs from pure water and artificial seawater. Sodium taeniolite is an artificial form of mica containing lithium but is 
unsuitable in terms of cost-efficiency for large-scale use. In this context, although the rate of recovery of Cs in a 
powder experiment was slightly lower than that obtained using sodium taeniolite, similar studies were conducted 
using lithium-free, sodium-type synthetic mica (hereinafter referred to as Na-TSM) as an ion exchanger. Howev-
er, various difficulties were encountered under the same conditions as those used for sodium taeniolite, a spongy 
form of Na-TSM was shrunk during drying and Na-TSM leached out from the sponge at the time of the adsorption 
experiment. 
The purpose of this report is to establish a method for preparing a spongy form of Na-TSM with suppressed leach-
ing as well as elastic properties and then conduct basic studies on the Cs adsorption characteristics of the spongy 
form of Na-TSM.
The formation of a spongy form of Na-TSM was achieved according to a previous report [1] by changing the ra-
tio of Na-TSM, polyvinylidene fluoride (PVF), and the solvent dimethylacetamide (DMA) as components of the 
structure. Both adsorption and desorption experiments were performed using a batch method. An aqueous solution 
of cesium chloride adjusted to a predetermined concentration was placed in a 20-cm3 plastic tube, into which the 
prepared spongy forms of Na-TSM were introduced. The tube was then placed on a rotary shaker and continuously 
stirred for 24 h. The reaction was performed at room temperature. After the reaction, the supernatant was filtered 
through a filter (pore size = 45 µm), and the Cs concentration was measured using an atomic absorption spectro-
photometer.
The ratio of PVF: Na-TSM (g) in the obtained spongy form of Na-TSM was 0.1:0.1 in Sponge α, 0.2:0.2 in Sponge 
β, and 0.1:0.2 in the existing form. In the case of sodium teniolite, sponge formation occurred when the mass ratio 
of the binder to the adsorbent was 1:2; however, with Na-TSM, sponge could be formed at a ratio of 1:1. Swelling 
clay minerals tend to absorb moisture even in the atmosphere and retain it as interlayer water. Thus, it can be as-
sumed that more moisture can be held between the layers of Na-TSM, which has stronger swelling properties than 
sodium teniolite. It was expected that the removal of this interlayer water would occur during the drying process 
and that the sponge would shrink accordingly. We were able to partially confirm this phenomenon via suppression 
of the contraction of the sponge by decreasing the ratio of Na-TSM.
The results of an investigation of the adsorption rate by changing the initial concentration of the reactants indicate 
the higher the concentration, the lower the adsorption rate for both spongy forms of Na-TSM; however, large 
differences were observed in the extent of the decrease. Because the amount of Na-TSM, i.e., the amount of the 
ion exchanger, was doubled in Sponge α and Sponge β, it could be anticipated that the adsorption rate would also 
double; however, the adsorption rate observed was even higher. To increase the amount of the ion exchanger, the 
amount of PVF must also be increased. Upon doing this, the size of the sponge becomes larger and the contact 
between the reactant and the spongy form of Na-TSM increases; this may be one of the factors responsible for the 
increase in the adsorption rate. This tendency is more noticeable as the concentration of the reactant increases; it 
can be assumed that depending on the design of the sponge, Cs may be recovered even from contaminated water 
at relatively high concentrations. However, considering its generally admitted cation exchange abilities, the ad-
sorption rate of the reactant at concentrations of 5.0 mmol dm−3 and 10 mmol dm−3 is low. Other factors, e.g., ionic 
strength are also conceivably involved, and the task for the future is to establish and develop a system that recovers 
Cs more effectively, including the elucidation thereof.

[1] Suzuki N., Ozawa S., Ochi K., Chikuma T.(2012). Abstract Book for the 2nd Asian Clay Conference, 141.
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CATIONIC BIPHENYL DERIVATIVE INTERCALATED IN SMECTITES
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A high pressure field alters the stereostructure of molecules in a solution. For example, the dihedral angle of biphe-
nyl around the central bond connecting the phenyl rings decreases from 45° to 20° when the hydrostatic pressure 
increases to 1.2 GPa from ordinary pressure. Such a stereochemical change produces various interesting features, 
including enhanced reactivity due to shortening of the bond length, the expansion of the π-electron system due 
to an improvement of the molecular planarity and the generation of radical species through bond cleavage. It is 
reported that tetrakis (1-methylpyridinium-4-yl) porphyrin is flattened in the interlayer space of a smectite al-
though the pyridinium ring is twisted with respect to the plane of the porphyrin ring in a solution due to the steric 
hindrance [2]. The interlayer space imposes molecules similar flattened conformation that in a high-pressure field.

The principle force that makes a cationic organic molecule flattened in the interlayer space of a smectite is the elec-
trostatic one between the exchangeable inorganic cations and/or intercalated organic cations and the anionic sites 
of a smectite layer. The uniaxial force exerted on molecules in the interlayer space can be controlled by varying the 
charge density of the layer and/or the loading level of organic cations. Consequently, the intercalated organic mol-
ecules should experience a tunable pseudo high-pressure field by varying the charge density or the loading level.

In this study, we investigated the applied pseudo pressure to a biphenyl derivative confined in the interlayer space 
of smectites. The pressure was calculated by using the reported equation, which relates the dihedral angle of biphe-
nyl to pressure. The averaged dihedral angle about the central bond of a biphenyl moiety in a biphenyl derivative 
confined in the interlayer spaces of smectites was estimated from the molecular thickness corresponding to the 
gallery height estimated by X-ray diffraction (XRD) measurements. As a guest organic molecule, we designed a 
cationic biphenyl derivative with strong electronic absorption at visible wavelength (BP). 

The averaged dihedral angle of a BP in the interlayer space of synthetic saponite (SSA) at a loading level of 27% 
versus cation exchange capacity was ca. 26.3°, which leads to conclusion that the pseudo pressure corresponded 
to 0.99 GPa was applied to a BP in the interlayer space of SSA. Such a high pseudo pressure field in the interlayer 
space of SSA was also confirmed from the result of absorption measurements. Absorption peak of SSA-BP hybrid 
film was remarkably red shifted compared with that in a solution. It was deduced that the dihedral angle around the 
central bond of biphenyl moiety decreased to enhance its planarity due mainly to the electrostatic force operating 
between negatively charged SSA layer and interlayer cation. The pseudo pressure operating on a BP in the inter-
layer space of a smectite could be controlled by varying the charge density of a smectite layer and/or the loading 
level of BPs. By using this methodology, controllable pseudo high-pressure properties of organic molecules were 
conveniently obtained under ordinary temperature and pressure.

[1] Kato, M., Higashi, M., Taniguchi, Y. (1988). Effect of Pressure on the Internal Rotation Angle of Biphenyl in Carbon Disulfide. J. Chem. 
Phys., 89, 5417-5421.

[2] Suzuki, Y., Tenma, Y., Nishioka, Y., Kamada, K., Ohta, K., Kawamata, J. (2011). Efficient Two-Photon Absorption Materials Consisting 
of Cationic Dyes and Clay Minerals. J. Phys. Chem. C 115, 20653-20661.
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(1) IFP Energies Nouvelles (IFPEN), Rueil Malmaison, 92500, FRANCE, (2) Laboratoire Physicochimie des Electrolytes et 
Nanosystèmes interfaciaux (PHENIX), UMR 8234, Université Pierre et Marie Curie, 75005 Paris, France 
*ariane.suzzoni@ifpen.fr

Interactions between clay minerals and organic molecules are important in numerous industrial processes and par-
ticularly, in the oil industry. For instance, one of the methods used for improving hydrocarbon recovery is to inject 
chemicals, such as polymers and surfactants in the well. Often, these techniques are based on the use of anionic 
surfactants as these molecules are only weakly adsorbed on reservoir rocks. This maintains a constant composition 
of the injected solutions and minimizes losses associated to adsorption. Still, especially in the presence of clay 
minerals, some reactions (adsorption, aggregation, deflocculation…) can occur between the surfactants and the 
rocks, which can, in turn, significantly impact oil recovery. It is then essential to reach a better understanding of the 
interaction between anionic surfactants and various clay minerals, which is the main objective of our present work.

This presentation will focus on the results obtained with kaolinite. 

Reference kaolinite was purified and suspensions of this mineral were contacted with a typical anionic surfactant 
bis (2-ethylexyl) sulfosuccinate sodium (AOT). In agreement, with previous studies (Lagaly, 1989; Welzen et 
al., 1981) significant stabilization of kaolinite suspensions can be observed in the presence of AOT. The effect of 
various chemical conditions (pH, ionic strength) and the role of adsorption on the observed phenomena will be 
analyzed in this presentation together with spectroscopic studies that can yield information about the conformation 
of adsorbed species and structural studies by scattering techniques (SAXS mainly) that provides data about the 
organization of particles in suspension.

[1] Lagaly, G., (1989). Principles of flow of kaolin and bentonite dispersions. Applied Clay Science 4 (2), 105-123.
[2] Welzen, J., Stein, H.N., Stevels, J.M., Siskens, C., (1981). The influence of surface-active agents on kaolinite. Journal of colloid and 

interface science 81 (2), 455-467.
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The siloxane surface of uncharged clays is known to be hydrophobic, as strongly supported by numerous exper-
imental and theoretical evidence. For the siloxane surfaces of charged clays, like smectites, the picture is not as 
clear. Based on aromatic hydrocarbon adsorption experiments, the smectite surface was characterized as mostly 
hydrophobic [1]. On the other hand, neutron scattering experiments provided evidence that the surfaces of smectite 
clays with tetrahedral substitutions are hydrophilic [2]. The present study is aimed at advancing the aforemen-
tioned discussion by bringing new quantitative arguments based of molecular simulations. Theoretical calculations 
provide an unique opportunity to separate in the analysis the effects resulting from different structural and compo-
sitional features, and can be effectively used to assess the degree of hydrophobicity of smectite surfaces within a 
wide range of structural charges from which all charge-balancing cations are artificially removed.

In order to explore systematically the effects of smectite composition, a series of MD simulations were performed 
for six models of dioctahedral smectites with a total layer charge of 0.2, 0.3, 0.4, 0.5, 0.6 and 1.0 per half unit cell 
(phuc) with octahedral (montmorillonitic) charge localization. MD simulations for a neutral pyrophyllite surface 
were also performed for comparison. Partial atomic charges and other interatomic interaction parameters of smec-
tite layers were described using the ClayFF force field [3] with structural OH groups modified by introducing a 
more accurate Morse potential [4,5].

The largest difference between the results of MD simulations performed for smectite surfaces covered with counte-
rions and devoid of the ions is in the shape of the water film coverage. For smectite surfaces with charge balancing 
counterions the interface is quite uniform: a relatively flat water film is forming. Its irregularity is related to the 
total number of ions (Na+ in our simulations) on the surface: the larger their number, the less rugged is the interface 
between the water film and the surrounding gas. In all cases for smectite surfaces devoid of ions a water droplet is 
formed. Its contact angle is very similar to that formed on the uncharged pyrophyllite surface and is in range from 
90o to 78o, with the lowest being observed for the charge of 0.4 phuc. It was also found that the angle is dependent 
on the distribution of atoms in the octahedral clay sheet. 

The angular distributions of the interfacial H2O dipole vectors with respect to the direction normal to the surface 
and as a function of the distance z from the surface clearly show two preferred surface-bound types of water 
molecules for the clay models with surface ions present. For the smectite surfaces devoid of counterions there is 
practically no difference between smectites with different structural charges. 

All presently obtained MD simulation results clearly indicate that the siloxane smectite surface itself is definitely 
hydrophobic. Its experimentally observed hydrophilicity is only emerging due to the presence of charge balancing 
counterions on the surface.

[1] Jaynes W.F., Boyd S.A. (1991) Hydrophobicity of siloxane surfaces in smectites as revealed by aromatic hydrocarbon adsorption from 
water. Clays and Clay Minerals, 39, 428-436.

[2] Sobolev O., Favre Buivin F., Kemner E., Russina M., Beuneu B., Cuello G.J., Charlet, L. (2010) Water-clay surface interaction: A neutron 
scattering study. Chemical Physics, 374, 55-61.

[3] Cygan R. T., Liang J. J., Kalinichev A. G. (2004) Molecular models of hydroxide, oxyhydroxide, and clay phases and the development of 
a general force field. Journal of Physical Chemistry B, 108, 1255-1266.

[4] Greathouse J. A., Durkin J. S., Larentzos J. P., Cygan R. T. (2009) Implementation of a Morse potential to model hydroxyl behavior in 
phyllosilicates. Journal of Chemical Physics, 130, 134713-7.

[5] Szczerba M., Kuligiewicz A., Derkowski, A, Gionis V., Chryssikos G. D., Kalinichev A. G. (2016) Structure and dynamics of water-smec-
tite interfaces: hydrogen bonding and the origin of the sharp O-DW/O-HW infrared band from molecular simulations. Clays and Clay 
Minerals, 64, 452-471.
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In recent years, electrochemical devices using alkaline electrolytes such as alkaline fuel cell and zinc-air battery 
have received much attention. In these electrochemical devices, KOH solution is often used as the alkaline electro-
lyte, but the formation of solid state K2CO3 in electrolyte or electrode-electrolyte interface with the reaction with 
CO2 in the air is a serious problem. Thus, to avoid the reaction, the use of an anion exchange membrane as a sep-
arator has been proposed. In the air electrodes used with a solid electrolyte separator, a hydroxide ion conducting 
ionomer to form favorable triple-phase boundary regions is necessary to transport OH− ions effectively. 

We have focused attention on layered double hydroxides (LDH) as an ion conducting material. We found that the 
ionic conductivity of LDHs were closely related to the species of intercalated anions, and LDHs intercalated with 
CO3

2− showed high hydroxide ion conductivity of the order of 10−3 S cm−1 under 80% relative humidity [1-3]. We 
also reported that LDHs can be applied to the solid electrolyte of alkaline direct ethanol fuel cell (DEFC) [1,3].

In a fuel cell, the formation of good triple phase boundary (TPB) in the electrodes is very important. We reported 
the effects of LDH addition to a catalyst layer of an alkaline DEFC. The addition of LDHs increased the oxygen 
reduction reaction (ORR) activity in the cathode, indicating that hydroxide-ion conducting LDHs construct favor-
able TPB regions in the catalyst layer [4,5]. In the catalyst layer, a material with higher electronic conductivity 
along with ionic conductivity should be desirable. 

In this presentation, the ionic conductivity of M-Al LDHs (M=Ni, Mg, (Ni, Mn)) and M-Fe LDHs (M=Ni, (Ni, 
Mn)) intercalated with CO3

2− will be presented. Application of LDHs to the electrolyte or catalyst layer of the fuel 
cells will also be reported. 

LDHs studied in the present study are found to show high ionic conductivity of the order of 10−3 S cm−1 under 
the rerative humidity 80%. The results in electromotive force measurements for a water vapor concentration cell 
showed that these LDHs are a hydroxide ion conductor under the humidified condition. The conductivity of (Ni, 
Mn)-Al LDH and (Ni, Mn)-Fe LDH was found to be higher than that of Ni-Al LDH or Ni-Fe LDH.

H2-O2 fuel cells with Mg-Al and Ni-Al LDHs as an electrolyte and MnO2 as the cathode catalyst were confirmed 
to be operated. Alkaline-type DEFC using anion exchange membrane as an electrolyte and the electrodes with 
LDH as “ionomer” was also fabricated [4]. The DEFCs using catalyst layers with Ni-Al, Mg-Al, Ni-Fe, and (Ni, 
Mn)-Fe LDHs showed higher cell performance than the DEFC using catalyst layer without LDH. The addition of 
(Ni, Mn)-Fe LDH to the catalyst layer more effectively increased the reduction current for ORR than the addition 
of (Ni, Mn)-Al LDHs or Ni-Fe LDH. 

We have confirmed that the air electrodes containing LDHs as a hydroxide ion conducting ionomer can also be 
applied to rechargeable Zn-Air batteries [5], and electrochemical oxygen separating cells [6].

[1] Tadanaga K., Furukawa Y., Hayashi A., Tatsumisago M. (2010). Direct Ethanol Fuel Cell Using Hydrotalcite Clay as a Hydroxide Ion 
Conductive Electrolyte. Adv. Mater., 22, 4401.

[2] Furukawa Y., Tadanaga K., Hayashi A., Tatsumisago M.(2011). Evaluation of ionic conductivity for Mg-Al layered double hydroxide 
intercalated with inorganic anionso, Solid State Ionics 192, 185. 

[3] Kubo D., Tadanaga K., Hayashi A., Tatsumisago M. (2012). Hydroxide Ion Conduction in Ni-Al Layered Double Hydroxide. J. Electro-
anal. Chem. 671, 102.

[4] Kubo D., Tadanaga K., Hayashi A., Tatsumisago M. (2013). Improvement of electrochemical performance in alkaline fuel cell by hydrox-
ide ion conducting Ni-Al layered double hydroxide. J. Power Sources, 222, 493.

[5] Kubo D., Tadanaga K., Hayashi A., Tatsumisago M. (2013). Multifunctional inorganic electrode materials for high-performance recharge-
able metal-air batteries. J. Mater. Chem. A, 1(23): 6804.

[6] Arishige Y., Kubo D., Tadanaga K., Hayashi A., Tatsumisago M. (2014). Electrochemical oxygen separation using hydroxide ion conduc-
tive layered double hydroxides. Solid State Ionics, 262, 238.
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Seto-Tono district is the largest pottery and porcelain industrial region in Japan, and the history of their manufac-
turing is longer than 1,000 years. The raw materials of the industry have been supplied from sedimentary kaolin 
clay deposits (mines) in the district. However, ore reserve of the kaolin clay mines has rapidly been exhausted in 
the recent decade due to longtime exploitation, urbanization, and environmental problems. To extend the lifetime 
of the mines, local mining associations plan to exploit “green saprolite” underlying the kaolin clay deposits. Green 
saprolite is low-grade clayey rocks; it has been regarded as unsuitable raw materials for traditional pottery and por-
celain so far due to its high iron contents. We have studied geology and mineralogy of green saprolite to develop 
its utilization technology. 

In the Seto district (southern half of the Seto-Tono district), kaolin clay deposits occur as fluvial and lacustrine 
sediments of late Miocene to Pliocene, which were subjected to intense kaolinization [1,2]. Green saprolite is un-
consolidated weathering crusts of granite beneath the sedimentary kaolin clay deposits, showing greenish gray to 
dark green color. Green saprolite appears to be unsorted and viscous sandstone, but original granitic texture ambig-
uously survives. The upper most portions were partly reworked by surface water, and include pegmatitic mineral 
fragments in places. The constituent minerals are medium- to coarse-grained quartz, feldspars with minor amount 
of biotite and clays. No chlorite and vermiculite are detected. The fraction of clays accounts for about 10 wt. per-
cent; this is a distinctive feature of green saprolite. The clay fraction consists mostly of kaolinite with subordinate 
halloysite; we may regard that kaolin clay deposits and green saprolite were formed by a sequence of kaolinization. 
Exploration drillings indicate that the thickness of green saprolite beneath kaolin clay deposits ranges from 8.5 to 
24 meters, while the thickness beneath silica sand deposits is only several meters.

The basement rocks beneath the kaolin clay deposits are late Cretaceous Naegi-Agematsu (NA) granite [3]. Green 
saprolite has intermediate values between the NA granite and kaolin clay ores with respect to Ca+Na+K, while 
Fe of them are plotted in the same compositional ranges. Though, biotite content of green saprolite was evidently 
reduced from that of the NA granite during kaolinization, Fe appears to remain mostly in green saprolite. Our pre-
liminary study suggests that kaolinite of green saprolite contains small amount of Fe, and the Fe-bearing kaolinite 
would cause its greenish gray to dark green color. To utilize green saprolite as raw materials of pottery and porce-
lain, the main technical issue should be the separation and reduction of Fe by mineral processing.

Acknowledgments: we deeply appreciate Yoshiaki Kon and Kazuya Morimoto for their kind cooperation. We also thank the collaborative 
research team on the utilization of unused ceramic raw materials for their technical supports.

[1] Sudo T., Shimoda S. ed. (1978). Clays and Clay Minerals of Japan. Developments in Sedimentology, Vol. 26, p. 326, Elsevier.
[2] Takagi T., Sudo S., Jige M., Kon Y., Morimoto K. (2016). The Seto-Tono kaolin field, the largest sedimentary kaolin clay deposit in the 

Japan Arc. 53rd Annual Meeting of the Clay Minerals Society, Abstracts, 87p.
[3] Makimoto H., Yamada N., Mizuno K., Takada A., Komazawa M., Sudo S. (2004). Geological Map of Japan 1:200,000, Toyohashi and 

Irago Misaki, Geological survey of Japan, AIST.
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Imogolite is a naturally occurring aluminosilicate nanotube. It consists of a single-wall nanotube with a composi-
tion of (OH)3Al2O3SiOH with Al-OH and Si-OH groups distributed on the external and internal surfaces of the tube 
wall, respectively. The Al-OH groups at the outer surface of imogolite can interact specifically with phosphate ions 
and alkyl phosphonyl/phosphoryl groups [1,2]. In this study, (imogolite(IG)/biopolymer) hybrids were prepared 
by a specific interaction hydrophilic groups of biopolymer with OH groups at the surface of imogolite.

The hybrid hydrogel composed of tubular ‘‘imogolite’’ and pepsin was prepared in a simple manner of pepsin and 
imogolite solutions [3]. We confirmed the formation of a network structure of imogolite in hydrogel by FE-SEM 
observations. Pepsin immobilized onto imogolite showed enzymatic activity even after repeated reactions.

The novel hybrid hydrogels were prepared from imogolite nanofibers and DNA by a strong interaction between 
the Al-OH groups on imogolite surface and phosphate groups of DNA [4]. The hybrid hydrogels of imogolite and 
DNA were prepared in various blend ratios, and their physicochemical properties and molecular aggregation states 
were investigated in both dispersion and gel states. The maximum DNA content in the hybrid gels was equivalent 
molar ratio of imogolite and DNA. The physical properties of the hybrid gels were controlled by varying DNA 
blend ratios. In the dispersion state, the hybrid gels showed a fibrous structure of imogolite, whereas a continuous 
network structure was observed in pure imogolite, indicating that the hybrid with DNA enhanced the dispersion of 
imogolite. In the gel state, DNA and imogolite nanofibers formed a 3D network structure.

Hybrid hydrogels composed of imogolite fibrous nanotube and hyaluronic acid (HA) were prepared. Hexameth-
ylenediamine (HMDA) was used as a non-toxic chemical cross-linker. The homogeneous dispersion of imogolite 
in the HA solution was accomplished by careful pH control, and subsequent chemical cross-linking provided 
mechanically stable self-standing hybrid hydrogels. The imogolite /HA hybrid hydrogels were characterized by 
FT-IR, SEM, swelling test, compression test, oscillatory rheological analysis, and enzymatic degradation test. The 
imogolite/HA hybrid hydrogels showed better mechanical properties and lower degradation rate than native HA-
based hydrogels without imogolite hybridization because the cross-linking density increases by incorporation of 
additional imogolite network into chemically cross-linked HA network [5].

[1] Ma W., Yah W.-O., Otsuka H., Takahara A. (2012). Application of Imogolite Clay Nanotubes in Organic/inorganic Nanohybrid Materials, 
J. Mater. Chem. 22, 11887-11892.

[2] Ma W., Higaki Y., Takahara A. (2016). Imogolite Polymer Nanocomposites Chapter 24, Nanosized Tubular Clay Minerals, Yuan P., Ber-
gaya F., and Thill A. Eds., Elsevier, 628-671.

[3] Inoue N., Otsuka H., Wada S.-I., Takahara A. (2006). (Inorganic Nanofiber/Enzyme) Hybrid Hydrogel: Preparation, Characterization, and 
Enzymatic Activity of Imogolite/Pepsin Conjugate, Chem. Lett. 35,194-195.

[4] Jiravanichanun N., Yamamoto K., Kato K., Kim J., Horiuchi S., Yah W.-O., Otsuka H., Takahara A. (2012). Preparation and Characteri-
zation of Imogolite/DNA Hybrid Hydrogels, Biomacromolecules 13, 276−281.

[5] Park K.L., Higaki Y., Takahara A. (2016). Design and Characterization of Hybrid Hydrogels Composed of Imogolite Fibrous Nanotubular 
Clay and Hyaluronic Acid. Polymer 100, 238-243. 
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Biofiltration systems are landscape depressions or shallow basins used to slow and treat on-site stormwater runoff 
and are considered as one of the important components of a sustainable drainage system. Biofilters generally con-
sist of two components: a filtration media which is sand-dominant and a top vegetated soil layer [1]. The efficiency 
of a biofiltration system is normally assessed by two key parameters namely hydraulic conductivity and percent-
age removal of pollutants [2]. In tropical areas like Malaysia where rainfall intensity is normally high, hydraulic 
conductivity of the biofiltration systems needs to be high enough to prevent ponding and possible flooding of the 
system. To date, several studies have been done on development and maintenance of such systems; however, few 
have studied such systems under tropical climates with heavy and intense rainfall which needs high hydraulic 
conductivity. The present study aims to identify proper soil filter media that not only can remove heavy metals 
efficiently but also has reasonably high hydraulic conductivity. For this, a soil column experimental set up were 
developed and the effectiveness of adding different fine grained materials such as fly ash, halloysite nanotubes 
(HNTs) from two different origins (Imerys from NZ and HalloPure from i-Minerals, Idaho), and zeolite in sand-
based soil media were assessed. To assure the validity of the results for each proposed filter media three replicates 
were prepared. The performance in removing heavy metals Fe, Mn, Cu, Zn, Ni, and Pb was then evaluated for each 
soil composition using Inductively Coupled Plasma -Optical Emission Spectroscopy (ICP-OES) test. Synthesized 
stormwater was used to provide consistency of pollutant concentration in experiments. The watering dosage was 
calculated based on hydrological data of a Malaysian catchment. Hydraulic conductivity of each soil composition 
was also measured for further comparison. Results showed that increasing the percentage of fine materials can im-
prove the heavy metals removal; however, the drawback would be significant decrease in hydraulic conductivity. 
In general, HNTs were found to fulfill both requirement of high percentage removal and high hydraulic conductiv-
ity compared to zeolite and fly ash. Moreover two different types of HNTs used in this study have been compared 
with each other as well. For this, the effect of aspect ratio, surface area, particle size and chemical composition on 
their efficiency in heavy metal removal and hydraulic conductivity have been studied. 

Keywords: halloysite nanotubes; tropical biofilter; heavy metals removal; sotrmwater treatment.

[1] Sun, X., Davis, A.P. (2007). Heavy metal fates in laboratory bioretention systems. Chemosphere, 66, 1601-1609.
[2] Hatt, B.E., Fletcher, T.D., Deletic, A. (2008). Hydraulic and pollutant removal performance of fine media stormwater filtration systems. 
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To extend the utilization of the low-grade Hu’nan (China) sepiolite, the purification of the ore is the prerequisite 
for all applications. Sepiolite accompanied by quartz and calcitewas effectively purified via sedimentation method 
and the microwave assisted acid treatment. The influence of treatment time on sepiolite purity and structure was 
qualitatively studied based on XRD and FESEM. Sepiolite had been successfully purified and the content was 
elevated from 42 wt.% to more than 90 wt.%. Microwave assisted acid treatment demonstrated to be an effective 
purification process by removing carbonates without affecting sepiolite length. Furthermore, both physical method 
of lyophilization and chemical method of surface modification were proposed as simple alternatives to defibering 
acid-treated sepiolite crystal bundles. The effects of freezing time and surfactant chain length on the disaggrega-
tion state, micro-structure and properties of treated sepiolite were analyzed comparatively using FESEM, TEM 
and BET. Results of FESEM and TEM indicated that the crystal structure of sepiolite was not changed after freez-
ing at −50 °C for 12h or modification with hexadecyl trimethyl ammonium bromide (HDTMA), but the aggregates 
were effectively disaggregated. The BET specific surface areas of the dispersed sepiolite rods obtained by these 
two methods increased to 144.3 and 93.1 m2/g, respectively, showing good agreement with the perfect dispersion 
of sepiolite fibers.

[1] Peinado, V., García, L., Fernández, Á., Castell, P. (2014). Novel lightweight foamed poly (lactic acid) reinforced with different loadings 
of functionalised sepiolite. Compos. Sci. Technol. 101, 17-23.

[2] Ruiz-Hitzky, E., Aranda, P., Darder, M., Fernandes, F. (2013). Fibrous clay mineral-polymer nanocomposites. Handbook of Clay Science. 
Part A: Fundamentals, second ed. Elsevier, Amsterdam, pp. 721-741.

[3] Zheng, Y., Zheng, Y. (2006). Study on sepiolite-reinforced polymeric nanocomposites. J. Appl. Polym. Sci. 99, 2163-2166.
[4] Duman, O., Tunç, S., Gürkan Polat, T. (2015). Adsorptive removal of triarylmethane dye (Basic Red 9) from aqueous solution by sepiolite 

as effective and low-cost adsorbent. Microporous Mesoporous Mater. 210, 176-184.
[5] Uğurlu, M., Karaoğlu, M.H. (2011a). Adsorption of ammoniumfroman aqueous solution by fly ash and sepiolite: isotherm, kinetic and 

thermodynamic analysis. Microporous Mesoporous Mater. 139, 173-178.
[6] Uğurlu, M., Karaoğlu, M.H. (2011b). TiO2 supported on sepiolite: preparation, structural and thermal characterization and catalytic be-

haviour in photocatalytic treatment of phenol and lignin from olive mill wastewater. Chem. Eng. J. 166, 859-867.
[7] Ruiz-Hitzky, E., Aranda, P., Álvarez, A., Santarén, J., Esteban-Cubillo, A. (2011). Advanced Materials and New Applications of Sepiolite 

and Palygorskite. 3 pp. 393-452.
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In a recent work from our group [1], the feasibility of using volcanogenic sulfate-bearing kaolin for alkali acti-
vation has been assessed. Alunite, KAl3(SO4)2(OH)6, which is present in kaolin deposits deriving from trachyte, 
rhyolite, and similar potassium-rich volcanic rocks, normally hinders the use of these clays in the ceramic industry 
due to the release of SOx at high temperature. It can be, however, a source of potassium and aluminium in alkali 
activation. Results are promising, as evidenced by high thermal stability and high compressive strength (ca. 80 
MPa) of the AAMs obtained from this material. However, the presence of the nardite, Na2SO4, deriving from the 
dissolution of alunite, was observed in the final products.

Aims of the present work are: to study the effect of the presence of SO4
2- on the nature and chemical composition 

of the resulting N-A-S-H gel; to identify the non-soluble sulfate-bearing phases; and finally, to evaluate the pos-
sibility of sulfate uptake by the gel itself.

To this end, an alunite-bearing kaolin (alunite 13% wt.)derived from rhyolite and preliminarily heated at T = 
550 °C was activated with different alkaline solutions. In parallel, alkali activation was carried out on synthetic 
mixtures of alunite and high-grade kaolin for comparison. The pastes were cured at 50 °C for 20 h. All samples 
have been characterized by X-ray powder diffraction, infrared spectroscopy and scanning electron microscopy. 
The synthesized samples revealed to be composed mainly by an amorphous gel and characterized by high thermal 
stability, no new crystalline phases apart from the nardite have been formed. Leaching tests have been carried out, 
and chemical analyses performed on leached solution as well as on the resulting leached materials revealed that 
sulfates are still present in the samples. In the conditions of our experiments, the presence of sulfate seems not to 
promote crystallization of zeolites, differently from what observed in literature for alkali activation of fly-ash [2]. 
However, we cannot exclude the uptake of sulfate ions by the gel. In particular, chemical microanalyses have re-
vealed the presence of sulfur-rich particles containing Si and Al in all the samples, likely amorphous or nanosized 
zeolites phases.

[1] Gasparini E., Tarantino S.C., Conti M., Biesuz R., Ghigna P., Auricchio F., Riccardi M.P., Zema M. (2015). Geopolymers from low-T 
activated kaolin: Implications for the use of alunite-bearing raw materials. Applied Clay Science, 114, 530-539.

[2] Criado M., Fernández Jiménez A., Palomo A. (2010). Effect of sodium sulfate on the alkali activation of fly ash. Cement & Concrete 
Composites, 32, 589-594.
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Layered double hydroxide LDH have recently emerged as an attractive candidate for delivery of various therapeu-
tic agents into their targets. Small drug molecules or large biomolecules like proteins, DNA can be intercalated into 
LDH host. LDH could also possibly be employed in delivery of diatomic therapeutic agents, like singlet oxygen.

LDH nanocontainers display interesting chemical and physical properties for transporting and unloading pharma-
ceuticals agents. First, they provide non-toxic carriers. A second advantage is their ease of synthesis. Furthermore, 
the wide range of composition and the variable charge density of LDH layers allow a fine tuning of the structures 
and the stability of LDH-drug assemblies, providing effective and selective means of controlling subsequent in-
tracellular release. 

In this oral presentation, first, we will be discussing the intercalation of Sulindac [1], a non-steroidal anti-inflam-
matory of the indene acetic acid class, and Pravastatin [2], a member of the drug class of Statins in Mg2Al and 
Zn2Al layered double hydroxide nanovessels through one pot reactions. The resulting materials were characterized 
by chemical elemental analysis, X-ray diffraction (one dimensional electron distribution along the c-stacking axis, 
pair distribution function analysis), scanning and transmission electron microscopies, mass coupled thermal anal-
yses, vibrational infrared and Raman spectroscopies, and solid state 13C NMR. We found that the spatial organiza-
tion of interleaved Sulindac molecules is similar to that reported for the pristine polymorph II crystal structure. In 
the case of Pravastatin, a bilayer arrangement is observed with intermolecular hydrogen bonding between adjacent 
organic species and chloride ion cointercalation is required. In both case, the features indicate that the intercalation 
preserves the drug structural integrity. 

The intercalation of porphyrin-based photosensitizers will also be presented [3,4]. LDH host prevents the aggre-
gation of porphyrins and increases the thermal stability of porphyrins. Moreover, the photophysical properties of 
porphyrins are maintained, namely the formation of singlet oxygen under visible light irradiation.

Acknowledgment: this work has been supported by an Academic Research Cooperation PRC-CNRS-FAPESP; Reference PRC 1688: “Bio-
compatible nanovectors based on hybrid lamellar materials and composites with polymers for drug release”.

[1] Rocha M.A., Petersen P.A.D., Teixeira-Beta E., Petrilli H.M., Leroux F., Taviot-Gueho C., Constantino V.R.L. (2016). Layered double 
hydroxide and sulindac coiled and scrolled nanoassemblies for storage and drug release. RSC Adv., 6, 16419-16436.

[2] Cunha V.R.R., Petersen P.A.D., Gonçalves M.B, Petrilli H.M., Taviot-Gueho C., Leroux F., Temperini M.L.A., Constantino V.R.L. (2012). 
Structural, spectroscopic (NMR, IR and Raman) and DFT investigation of the self-assembled nanostructure of Pravastatin-LDH (layered 
double hydroxides) systems. Chem. Mater., 24, 1415-1425.

[3] Káfuňková E., Taviot-Guého C., Bezdička P., Klementová M., Kovář P., Kubát P., Mosinger J., Pospíšil M., Lang K. (2010). Porphyrins 
Intercalated in Zn/Al and Mg/Al Layered Double Hydroxides: Properties and Structural Arrangement. Chem. Mater., 22, 2481-2490.

[4] Merchan M., Ouk T.S., Kubat P., Lang K., Coelho C., Verney V., Commereuc S., Leroux F., Sol V., Taviot-Gueho C. (2013). Photostability 
and photobactericidal properties of porphyrin-layered double hydroxide-polyurethane composite films. J. Mater. Chem. B, 1, 2139-2146.
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The AFm phase of Portland cements refers to a family of hydrated calcium aluminates based on the hydrocalumite 
LDH (Layered Double Hydroxide) structureCa2Al(OH)6,1/nX-n·yH2O (X: anion of negative charge -n) [1-3]. Ten 
organic model molecules simulating the chemical functions of superplasticizers used in concrete formulations 
were intercalated into this lamellar cement hydrates resulting in hybrid AFm phases. The interfaces between the 
organic and inorganic networks of these hybrid compounds have been studied to characterize the interactions be-
tween AFm cementitious hydrate and organic additives in concrete.

We would like to present this work as a poster in session MISC-01.

The affinities of these molecules toward the mineral layers have been compared and display the following tenden-
cies: -PO3

2-> -SO3
-> -CO2

-for the hydrophilic parts and C7-R> Φ-R> C5-R> C2-Rfor the hydrophobic parts. The 
organic-inorganic interface ie the connection mode and orientation of the organic molecule were characterized by 
powder XRD, NMR and infrared spectroscopies. Organic molecules are oriented either perpendicular or parallel 
to the sheets resulting from different connection modes, intercalation and grafting. The various hydration levels of 
these hybrid AFm phases were then determined, and a structural resolution was attempted on C6H5SO3

- containing 
AFmallowing a description of its interlayer structure. 

Finally, a study on the intercalation of some commercial superplasticizers highlighted the exfoliation phenomenon 
for these lamellar hydrates. The present study on model molecules leads to a better understanding of the interac-
tions occurring in complex fresh concrete environment.

[1] Taylor, H.F.W.(1997). Cement chemistry. Thomas Telford.
[2] Vieille L., Rousselot I., Leroux F., Besse J.P., Taviot-Guého C. (2003). Hydrocalumite and Its Polymer Derivatives. 1. Reversible thermal be-

havior of Friedel’s salt: a direct observation by means of high temperature in situ powder X-ray diffraction. Chem.Mater.,15, 23, 4361-4368.
[3] Von Hoessle F., Plank J., Leroux F. (2015). Intercalation of sulfonated melamine formaldehyde polycondensates into a hydrocalumite 

LDH structure. J. Phys. Chem. Solids, 80, 112-117.



Scientific Research Abstracts
Vol. 7, p. 748, 2017
ISSN 2464-9147 (Online)
XVI International Clay Conference | ICC 2017 | Granada, Spain
© Author(s) 2017. CC Attribution 3.0 License

COLLECTION OF WATER-SOLUBLE POLYMER FROM AQUEOUS 
SOLUTION BY THE ADSORPTION ONTO BENTONITE

aranEE (pLEng) tEEpakakorn (1)*, makoto ogawa (2)
(1) School of molecular science and engineering, (2) School of energy science and engineering, Vidyasirimedhi Institute of 
Science and Technology, Rayong, 21210, Thailand 
makoto.ogawa@vistec.ac.th

Water-soluble polymers such as poly(vinylpyrrolidone) (PVP), poly(ethylene glycol) (PEG), poly(vinyl alcohol) 
and poly(acrylamide) have been widely used in industry (including daily life products, for example, toothpaste 
and shampoo dispersant, skin cream, paper coating, and adhesive in glue stick, and also drug delivery carriers and 
tissue engineering scaffolds in medical applications [1]. The contamination of the soils and water by the polymers 
will be an environmental concern. Hence, the method for the removal of the polymers (the collection and/or the 
decomposition) from the environment is worth developing. As an example, Tagawa and co-worker [2] reported 
the decomposition of various polymers using wet-ozone. Although this technique showed high performance for 
polymer removal, it is an energy consuming and not environmentally friendly (acid as by-product).

In this work, the adsorption of water-soluble polymers onto natural bentonite was investigated as a green method 
for the collection from aqueous environments. A Ca-bentonite from china (abbreviated as Ca-BT) was used as an 
adsorbent and PVP (with the molecular weight of 10,000 and 160,000) was used as the adsorbate. The adsorption 
isotherms, which is the relationship between the amount of PVP remaining in the aqueous phase (equilibrium 
concentration) and the immobilized amount of PVP, was used to clarify the interactions between adsorbent and 
adsorbate. The isotherm was type-L, showing the high affinity between the Ca-BT and PVP. At present, the highest 
amount of adsorbed PVP is 0.17 mg/mg of Ca-BT.

The amount of the adsorbed PVP was higher for higher molecular weight PVP. The interlayer space of Ca-BT 
expanded (from 1.5 to 1.6 nm) after the adsorption of PVP, confirming the interactions with Ca-BT. Because the 
expansion was not enough to explain the adsorbed amount of PVP, it was thought that a certain porsion of PVP was 
adsorbed on the external surface. A synthetic saponite (Sumecton SA, Kunimine Ind. Co., finite particles of several 
tens of nm size) was used after the ion exchange with calcium (Ca-SA) as an adsorbent. Ca-SA adsorbed larger 
amount of PVP than Ca-BT, supporting the idea that the PVP was adsorbed on the external surface in addition to 
the intercalation. These results suggested that the removal of PVP from water by the adsorption onto Ca-BT is a 
possible way for purification of water contaminated with water-soluble polymer.

[1] Kadajji V.G., Betageri G.V. (2011). Water Soluble Polymers for Pharmaceutical Applications. Polymers, 3, 1972-2009.
[2] Goto Y., Kitano K., Maruoka T., Yamamoto M., Kono A., Horibe H., Tagawa S. (2010). Removal of Polymers with Various Chemical 

Structures using Wet Ozone. Journal of Photopolymer Science and Technology, 23, 417-420.
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It was experimentally found that the dissolution rate of montmorillonite drastically decreases with the increase of 
the density [1]. It is important for long term prediction of bentonite alteration in TRU waste geological disposal 
engineered barrier system. One of the primary reasons of the dissolution rate reduction is that the edge of montmo-
rillonite particles is covered with the other particles and consequently the reactive surface area is reduced (phys-
ical masking) [2]. Therefore understanding of the equilibrium structure of montmorillonite particles is essentially 
important for predicting the dissolution rate quantitatively.

We investigated numerically the equilibrium structure of disk-shaped particles which models montmorillonite 
particles by Monte Carlo method. In a dispersion system at low density, the quadrupole potential is used for the 
model of particle-particle interaction [3]. The potential includes the effect of the charge of each particle and the 
surrounding electric double layer and expresses the anisotropic interaction of disk-shaped particles. However, the 
quadrupole potential is available only for low density conditions due to the limitation of the model. Therefore we 
used the rigid body potential for the calculation of high-density structures of particles.

The numerical results indicated that the disk-shaped particles make aggregates with “house of cards” structures in 
the dispersion system at low density, which is typically observed in clay sols. On the other hand, the equilibrium 
structure of particles at high density shows qualitatively similar to the drawing of microstructure of bentonite given 
in the previous study [4]. We calculated the Effective Edge Surface Area (Effective ESA) from the equilibrium 
structure of particles obtained by Monte Carlo method. We propose a masking model in which the edge surface 
masked by the other particle is calculated from edge-to-surface distance of particles. From the model analysis, 
the reduction of the reactive surface area at high density can be explained qualitatively. Moreover, the numerical 
results of the Effective ESA are quantitatively in good agreement with those obtained from the experimental 
measurement of the dissolution rate of montmorillonite particles using atomic force microscopy in a wide range 
of density condition.

Acknowledgment: this research includes a part of the results of “Advancement of Processing and Disposal Technique for the Geological dis-
posal of TRU Waste (FY2013, FY2014, FY2015 and FY2016)” under a grant from the Agency for Natural Resources and Energy (ANRE) in 
the Ministry of Economy, Trade and Industry (METI) of Japan.

[1] Satoh H., T. Ishii, H. Owada (2013). Dissolution of compacted montmorillonite at hyperalkaline pH and 70 °C: In situ VSI and ex situ 
AFM measurements, Clay Minerals, 48, pp. 285-294.

[2] Tournassat C., C.I. Steefel, I.C. Bourg, F. Bergaya (2015). Natural and engineered claybarriers, 6 (ISBN: 9780081000274).
[3] Dijkstra M., J.-P. Hansen, P.A. Madden (1997). Statistical model for the structure and gelation of smectite clay suspension. Phys. Rev E, 

55, pp. 3044-3053.
[4] Pusch R. (1983). Stability of bentonite gels in crystal-line rock -Physical aspects, SKBF/KBS TR, 83-04.
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The reduction in human-induced emissions of CO2 from automobiles, factories, power stations, etc., over the next 
15 years is currently one of the most important issues facing the planet. The Intergovernmental Panel on Climate 
Change (ICPP) warned that temperature change has to be controlled lower than 2 degrees Celsius relative to av-
erage temperature before the Industrial Revolution by the end of century. It has also warned that if no action is 
taken to deal with the rate of CO2 emissions, this will result in grave consequences for the planet, leading to sea 
surface elevation and desertification. We should therefore attempt to develop industrial processes using CO2 as a 
feedstock in order to build a sustainable society in the near future. Linear CO2 molecules adsorbed on the surface 
of the solid bases are converted into unique structures, such as bicarbonate and carbonate species possessing lattice 
oxygen atoms. We believe that the process involves the capture and distortion of CO2 upon adsorption on a solid 
base through activation by photoirradiation. Unstable CO2 species adsorbed onto the surface can then be reduced 
by electrons with protons derived from H2O (CO2 + 2e− + 2H+ → CO + H2O). These days, we found that ZnGa2O4/
Ga2O3, [1,2] La2Ti2O7,[3] SrO/Ta2O5,[4] ZnGa2O4,[5] ZnTa2O6,[6] and Sr2KTa5O15[7] with the modification of Ag 
cocatalyst exhibit good conversion of CO2 and high selectivity toward CO evolution for the photocatalytic con-
version of CO2 by H2O as an electron donor. An isotope experiment using 13CO2 and mass spectrometry clarified 
that the carbon source of the evolved CO is not the residual carbon species on the photocatalyst surface, but the 
CO2 introduced in the gas phase. In addition, stoichiometric amounts of O2 evolved were generated together with 
CO. Modification of the surface of Ga2O3 with layered double hydroxide (LDH) enhanced the evolution of CO as 
a reduction product in the photocatalytic conversion of CO2 using H2O as an electron donor under UV irradiation 
in aqueous NaHCO3 as a pH buffer, with the LDH functioning as a CO2 capture and storage material. Consequent-
ly, Ag-loaded Mg−Al LDH-modified Ga2O3 exhibits much higher photocatalytic activity (245.6 µmol h−1 of CO) 
and better selectivity (59.8%) than the pristine Ag-loaded Ga2O3 when 1.0 g of Mg−Al LDH-Ga2O3 composite 
photocatalyst was used in the presence of 0.25 wt.% of Ag cocatalyst. Moreover, the turn over number (TON) of 
electrons, which are utilized to reduce CO2 into CO, was 88.6 per Ag atom for 5 h of the photoirradiation. To the 
best of our knowledge, this is the highest CO evolution rate for the photocatalytic conversion of CO2 in an aqueous 
system ever reported.

[1] Teramura, K., Wang, Z., Hosokawa, S., Sakata, Y., Tanaka, T., (2014). A doping technique that suppresses undesirable H2 evolution de-
rived from overall water splitting in the highly selective photocatalytic conversion of CO2 in and by water, Chem. - Eur. J., 9906-9909.

[2] Wang, Z., Teramura, K., Huang, Z., Hosokawa, S., Sakata, Y., Tanaka, T., (2016). Tuning the selectivity toward CO evolution in the 
photocatalytic conversion of CO2 with H2O through the modification of Ag-loaded Ga2O3 with a ZnGa2O4 layer, Catal. Sci. Technol., 
1025-1032.

[3] Wang, Z., Teramura, K., Hosokawa, S., Tanaka, T., (2015). Photocatalytic conversion of CO2 in water over Ag-modified La2Ti2O7, Appl. 
Catal., B, 241-247.

[4] Teramura, K., Tatsumi, H., Wang, Z., Hosokawa, S., Tanaka, T., (2015). Photocatalytic conversion of CO2 by H2O over Ag-loaded 
SrO-modified Ta2O5, Bull. Chem. Soc. Jpn., 431-437.

[5] Wang, Z., Teramura, K., Hosokawa, S., Tanaka, T., (2015). Highly efficient photocatalytic conversion of CO2 into solid CO using H2O as 
a reductant over Ag-modified ZnGa2O4, J. Mater. Chem. A, 11313-11319.

[6] Iguchi, S., Teramura, K., Hosokawa, S., Tanaka, T., (2016). A ZnTa2O6 photocatalyst synthesized via solid state reaction for conversion of 
CO2 into CO in water, Catal. Sci. Technol., 4978-4985.

[7] Huang, Z., Teramura, K., Hosokawa, S., Tanaka, T., (2016). Fabrication of well-shaped Sr2KTa5O15 nanorods with a tetragonal tungsten 
bronze structure by a flux method for artificial photosynthesis, Appl. Catal., B, 272-281.
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In the last decade or so, different models have been developed to predict water and solute diffusion in clayey ma-
trices within the specific framework of radioactive nuclear wastes storage [1]. Up to now, the most sophisticated 
models were those developed for pure Na-smectite materials and accounting for two different types of porosities: 
(i) interparticle porosity and (ii) interlayer porosity. However, smectite displays osmotic swelling in water-saturat-
ed conditions leading to an ill-defined interlayer volume. Such osmotic swelling for smectite clay minerals makes 
then impossible to correctly account for (i) the distribution of different types of porosities in the sample and for (ii) 
the role played by the anisotropic particle organization on the overall diffusion of water and solutes in the sample. 

In order to constrain macroscopic models predicting diffusion in dual porous media rich in swelling clays, diffu-
sion experiments were carried out with vermiculite, a mineral that does not present any osmotic swelling under 
water-saturated conditions. Water (HDO) diffusion experiments were performed using a through-diffusion setup 
adapted from previous studies [2]. Samples were prepared from 0.1-0.2, 1-2 and 10-20 µm size fractions of ver-
miculite with well-known particle morphologies[3], representative of the different sizes of clay minerals present 
in complex and natural clayey samples. For each size fraction, through-diffusion experiments were performed at 
different degrees of compaction (i.e., porosity) in order to vary the proportion of interparticle porosity over total 
porosity (interlayer + interparticle).

Effective diffusion coefficients of water (HDO)interpreting experimental data are compared with values found in 
literature for diffusion in smectite samples to assess effect of osmotic swelling on water diffusion in swelling clay 
minerals. Moreover, data are also compared to effective diffusion coefficients simulated by Brownian dynamics 
using representative virtual porous media [4] of our vermiculite samples, and for which porosity and organization 
of clay particles (anisotropic degree) can be controlled. Comparison between experimental and numerical data 
display consistent trends concerning evolution of effective HDO diffusion coefficients with porosities. Such a 
comparison helps at deciphering on the role played by different geometrical parameter (particle size, anisotropy, 
porosity distribution, presence of osmotic swelling) on the overall diffusional process of water tracer in compacted 
swelling clays. Then, such results will bring significant inputs in the perspective to better constrain models relative 
to the transport of solute in engineered clay barriers.

[1] Altmann S., Aertsens M., Appelo T., Bruggeman C., Gaboreau S. et al. (2015). Processes of cation migration in clayrocks: FinalScientific 
Report of the CatClay European Project. 

[2] Van Loon L.R., Glaus M.A., Müller W. (2003). Effect of confining pressure on the diffusion of HTO, 36Cl- and 125I- in a layeredargillaceous 
rock (Opalinus Clay): diffusion perpendicular to the fabric. Applied Geochemistry 18, 1653.

[3] Reinholdt M.X., Hubert F., Faurel M., Tertre E., Razafitianamaharavo A., Francius G., Prêt D., Petit S., Béré E., Pelletier M., Ferrage E. 
(2013). Morphological properties of vermiculite particles in size-selected fractions obtained by sonication. Applied Clay Science 77-78, 
18-32.

[4] Ferrage E., Hubert F., Tertre E., Delville A., Michot L.J., Levitz P. (2015). Modeling the arrangement of particles in natural swelling-clay 
porous media using three-dimensional packing of elliptic disks. Physical Review E 91, 62210.
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FORMATION MECHANISM, PROPERTIES AND APPLICATIONS
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Imogolites are aluminosilicate nanotubes naturally occurring in volcanic soils (Yoshinaga and Aomine, 1962) and even 
found on Mars recently (Bishop and Rampe, 2016). Getting inspiration from this natural clay, it is possible to prepare 
synthetic aluminosilicate or aluminogermanate nanotubes of formula (OH)3Al2O3SixGe(1-x)(OH) which are perfectly 
monodisperse in diameter (from 2 to 4 nm depending on composition) and polydisperse in length from several tens 
of nanometers up to several microns (Thill et al. 2012, Amara et al, 2013). The formation mechanism of these nano-
tubes has been the subject of recent discoveries especially for the aluminogermanate nanotubes. The existence of Dou-
ble-walled nanotubes has been discovered and their formation mechanism has been explained. A better understanding of 
the imogolite precursors (proto-imogolite) has been achieved and the growth kinetic of the nanotubes has been studied 
in situ and modelled. It has recently been discovered that it is possible to prepare hybrid nanotubes having coexisting 
hydrophobic and hydrophilic surfaces (Bottero et al. 2011, Bac et al. 2009). These hybrids inside/out janus nanotubes 
can be prepared in two symmetric configurations. Through the grafting of phosphonic acids bearing an aliphatic carbon 
chain on the outside aluminol surface, nanotubes dispersed in apolar solvents, are obtained. Alternatively, by replacing 
the tetraethoxysilane precursor by methyltriethoxysilane, nanotubes possess a hydrophobic nanocavity covered with 
Si- CH3 groups instead of Si-OH (Figure 1A, B). These nanotubes are easily dispersed in aqueous solutions and are able 
to trap poorly soluble organic molecules (Figure 1C) (Amara et al. 2015).

We believe that their very original structure brings new and fascinating properties to these nanoparticles. In par-
ticular, we are currently studying the behaviour of such hybrid inside/out janus nanotubes at oil/water interfaces 
(Picot et al., 2016). Addition of oil to water containing hydrophilic/hydrophobic nanotubes or water addition to oil 
containing hydrophobic/hydrophilic nanotubes without mixing led into the formation of a gel (Figure 1D). When 
water and oil are mixed in the presence of the nanotubes, stable emulsions are obtained whose size is controlled by 
the concentration of particles (Figure 1E). After drying, a very original hedgehog-like structure is observed with 
electronic microscopy, (Figure 1F). Therefore, such an oil/water-triggered gel formation signs for a very specific 
and original behaviour of these hybrid nanotubes originating from their inside/out janus functionality.
In this mini-lecture, a review of the recent discoveries on imogolite formation mechanism will be made. We will 
also present the synthesis of the hybrid janus nanotubes. These hybrid nanotubes have promising properties. We 
will illustrate their behavior in contact with an oil/water interface.

[1] Yoshinaga, N. and Aomine, S., 1962. Imogolite in some andosoils. Soil Science andPlant Nutrition, 8:3, 22-29.
[2] Bishop, J. and Rampe, E.B., 2016. Evidence for a changing Martian climate from the mineralogy at Mawrth Vallis. Earth and Planetary 

Science Letters, 448, 42-48.
[3] Thill, A., Maillet, P., Guiose, B., Spalla, O., Belloni, L., Chaurand, P., Auffan, M., Olivi, L., Rose, J., 2012. Physico-Chemical Control over 

the Single-or Double-Wall Structure of Aluminogermanate Imogolite-like Nanotubes. J. Am. Chem. Soc. 134, 3780- 3786.
[4] Amara, M.-S., Paineau, E.; Bacia-Verloop, M.; Krapf, M.-E., Davidson, P. Belloni, L., Levard, C., Rose, J., Launois, P., Thill, A., 2013. Sin-

gle-step formation of micron long (OH)3Al2O3GeOH imogolite-like nanotubes. Chem. Commun. 49, 11284-11286.
[5] Bottero, I., Bonelli, B., Ashbrook, S. E., Wright, P. A., Zhou, W., Tagliabue, M., Armandi, M., Garrone, E., 2011. Synthesis and character-

ization of hybrid organic/inorganic nanotubes of the imogolite type and their behaviour towards methane adsorption. Phys. Chem. Chem. 
Phys. 13, 744-750.

[6] Bac, B.H., Song, Y., Kim, M.H., Lee, Y.B., Kang, I.M., 2009. Surface-modified aluminogermanate nanotube by OPA: synthesis and charac-
terization, Inorg. Chem. Comm. 12, 1045-1048.

[7] Amara, M.-S., Paineau, E., Rouzière, S., Guiose, B., Krapf, M.E.M, Taché, O., Launois, P., Thill, A., 2015. Hybrid Tunable-Diameter Met-
al-Oxide Nanotubes for Organic Molecules Trapping. Chem. Mater. 27, 1488-1494.

[8] Picot, P., Taché, O., Malloggi, F., Thibaud, C., Thill, A., 2016. Behaviour of hybrid inside/out janus imogolite nanotubes at an oil/water 
interface. A route to self- assembled nanofluidic?. Faraday Discussions, DOI: 10.1039/C6FD00034G

Fig. 1. A) Water suspension of hybrid imogolite na-
notubes with internal hydrophobic nanocavity, B) A 
observed between cross-polarizers, C) encapsulation 
of pyrene in water through hybrid imogolite, D) 
oil-triggered hydrogel formation, E) stabilization of 
an oil-in- water emulsion, F) electronic microscopy 
image of a dried water-in-oil emulsion droplet.
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RECENT PROGRESS IN THE SYNTHESIS OF IMOGOLITE AND 
IMOGOLITE-LIKE CLAY MINERALS. A FOCUS ON THE SPHERE/TUBE 
TRANSITION
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Imogolite has been discovered more than 50 years ago in the weathering products of volcanic soils in Japan [1]. 
It has been quickly realized that imogolite is a ubiquitous clay mineral which can be readily synthesized in the 
laboratory using rather simple co-precipitation receipts [2].

From this initial discovery researchers have started to explore the possible modifications of the imogolite nano-
tubes. Many successful examples are now available [3,4]. Some of these chemical modifications were shown to be 
coupled with important structural modifications. The discovery of double walled germanium based imogolite or 
the larger hybrid imogolite with a hydrophobic internal surface are good examples [5,6]. This growing number of 
new materials derived from imogolite and sharing the same imogolite local structure (ILS) is now making a new 
whole family of nanoclays. 

The study of the synthesis of these new ILS materials has triggered much progress in the understanding of their 
formation mechanism. In this presentation, we will go through the recent discoveries about the formation mecha-
nism of imogolite-like nanoclay. We will focus on recent investigations of the early constitution stage of imogolite. 
We will show that from the same starting conditions, it is possible to produce imogolite, allophane or mixture of 
both shapes.

These results demonstrate that imogolite and at least some allophanes can be considered as polymorphs of the ILS 
material. The control of the spherical or tubular shapes has barely been investigated. Bac et al. showed that in the 
case of germanium based imogolite, it is possible to go from mainly spherical to mainly tubular shape by changing 
the pH and salinity [7]. Abidin et al. using DFT simulations proposed that it is due to local properties of the Si-OH 
internal groups [8]. As sphere/tube transitions are also observed for hybrid ILS with the internal surface covered 
by Si-CH3 groups an extension of this work as to be considered. 

We propose a new hypothesis related to the mechanical properties of proto-imogolite. Using a simplified model 
accounting for border stress on small proto-imogolite, we show that it exits a size threshold for the sphere/tube 
transition. We suppose that this transition can at least in part explain the control in shape between ILS tube (imog-
olite) and sphere (proto-imogolite/allophane). We believe this mechanism to be very general and may be of interest 
for other clay minerals for which a spontaneous curvature exists and a coexistence of spherical and tubular shapes 
has been described (for example halloysite). 

[1] Yoshinaga N., Aomine S., (1962). Imogolite in some Ando soils. Soil Science and Plant Nutrition, 22-29.
[2] Farmer V.C., Fraser T., Tait J., (1977). Synthesis of imogolite: a tubular aluminium silicate polymer. J. Chem. Soc. Chem. Commun. 

462-463.
[3] Wada S.I., Wada K., (1982). Effect of substitution of germanium for silicon in imogolite. Clays and Clay Minerals, 123-128.
[4] Avellan A., Levard C., Kumar N., Rose J., Olivi L., Thill A., Chaurand P., Borschneck D., Masion A., (2014). Structural incorporation of 

iron into Ge-imogolite nanoutbes: a promising step for innovative nanomaterials. RSC Advances, 49827-49830.
[5] Maillet P., Levard C., Larquet E., Mariet C., Spalla O., Menguy N., Masion, A., Doelsch E., Rose J., Thill A. (2010). Evidence of dou-

ble-walled AlGe imogolite-like nanotubes. A cryo-TEM and SAXS investigation. JACS 1208-1209.
[6] Bottero I., Bonelli B., Ashbrook S., Wright P., Zhou W., Tagliabue M., Armandi M., Garrone E. (2011). Synthesis and characterization of 

hybrid organic/inorganic nanotubes of the imogolite type and their behaviour towards methane adsorption. Physical Chemistry Chemical 
Physics, 744-750.

[7] Bac B.H., Song Y., Kim M.H., Lee Y.B., Kang I.M. (2009). Single-walled hollow nanospheres assembled from the aluminogermanate 
precursors. Chem. Com. 5740-5742.

[8] Abidin Z., Matsue N., Henmi T. (2007). Differential formation of allophane and imogolite: experimental and molecular orbital study. J. 
Computer -Aided Mater Des. 5-18. 
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ORIGIN, DISTRIBUTION AND FATE OF PHOSPHORUS AND 
POTENTIALLY TOXIC ELEMENTS IN THE SEDIMENTS OF INLE LAKE 
(SOUTHERN SHAN STATE, MYANMAR)
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Inle Lake is the second largest lake in Myanmar and the most important, for its economic, touristic, agricultural 
and environmental value. Previous studies report that Inle lake is seriously threatened by anthropic activities on the 
lake sides and in its drainage basin. One of the main problems is related to the decrease in the open water surface, 
attributed to an increase in sedimentation caused by accelerated soil erosion, as a consequence of deforestation in 
the watershed, and to the expansion of agriculture in the form of floating gardens [1].

A detailed sediment sample collection including 10 sediment cores ranging from 40 to 85 cm in length, and 16 
dredged samples, was carried out in March 2014 (hot dry season). Dredged sediments and cores, cut in 5 cm slices, 
were wrapped in polythene foil to prevent oxidation, and were transported to the Department of Earth and Environ-
ment Sciences, University of Pavia (Italy). In the laboratory, sediment samples were dried at room temperature for 
2-3 days in order to maintain the crystal structures, weighted and described for their colour using the colour chart. 
Major shells were eliminated by manual picking and dried sediment was ground to fine powder in agate mortar. 
Total P and trace metal concentrations in sediment samples were analysed by Total Digestion ICP/MS. In addition 
the acid soluble-P content and P fractions were investigated using a sequential extraction procedure according to 
the SMT protocol [2].

Results indicate a good correlation of P with U, Cd, Mo and Sb concentrations, but no correlation with the min-
eralogical composition of the samples. This correlation can be considered as the “P pollution factor”, due to the 
association of this element and to other trace elements commonly found in P fertilizers. The more enriched Tot-P 
content was found in the floating gardens area, due to the use of chemical fertilizers and to other anthropogenic 
sources such as domestic and sewage effluents. High amounts were also detected at the inflow stream, and at the 
centre of the lake, where the P content derives from to soil erosion and detrital inputs by the streams. The highest 
Tot-P concentrations were detected in the top layers of the sediment cores, which are affected by anthropogenic 
activities, whereas low values were observed in the deep sediment, which can be attributed to the natural level of 
phosphorus. Ca-bound P, accounting for an average of 35%, was the main inorganic-P pool. This is a relatively 
stable and non-bioavailable P form. Another important form was organic-P, accounting for about 30% of the total. 
This P pool is considered the more bioavailable since, during organic matter degradation, it can be released to 
the water column, thus contributing to the lake eutrophication. The rank order of P fractions allowed classifying 
Inle lake as mesotrophic, potentially shifting to eutrophic. In conclusion, the study provides useful information of 
anthropogenic impact on the lake ecosystem as a premise for the correct management of this valuable water body.

[1] Sidle R.C., Ziegler A.D., Vogler J.B. (2007). Contemporary changes in open water surface area of Lake Inle, Myanmar. Sustainability 
Science, 2, 55-65.

[2] Ruban V., López-Sánchez J.F., Pardo P., Rauret G., Muntau H., Quevauviller Ph. (2001). Development of a harmonised phosphorus ex-
traction procedure and certification of a sediment reference material. Journal of Environmental Monitoring, 3, 121-125.
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Inle Lake is the second largest lake in Myanmar and the most important, for its economic, touristic, agricultural and 
environmental value. Previous studies report that Inle lake is seriously threatened by anthropic activities on the lake 
sides and in its drainage basin, leading to a decrease in the open water surface, estimated to as much as 32.4% be-
tween 1935 and 2000. This is attributed to an increase in sedimentation caused by accelerated soil erosion, as a con-
sequence of deforestation in the watershed, and to the expansion of agriculture in the form of floating gardens. [1]

Ten sediment cores, ranging from 40 to 85 cm in length, were collected in March 2014 (hot dry season). Cores 
were cut in 5 cm slices, wrapped in polythene foil to prevent oxidation, and transported to the Department of Earth 
and Environment Sciences in Pavia (Italy). In the laboratory, sediment samples were dried at room temperature 
for 2-3 days in order to maintain the crystal structures, and ground to fine powder in an agate mortar. The miner-
alogical composition was determined by X-ray powder diffraction (XRPD), while the topography of some crystal 
structures and the elemental composition were analysed using scanning electron microscopy (SEM). Major and 
trace element contents were determined by Total Digestion ICP/MS.

In the bulk sediment, the most abundant mineral is calcite (27 to 100%), followed by quartz (0 to 54%). Other less 
abundant minerals are: mica/illite (0 to 33%), kaolinite (0 to 14%), aragonite (0 to 15%) and hematite (0 to 9%). 
The clay fraction is mostly composed by kaolinite with lower mica/illite and chlorite, and traces of smectite. Cal-
cite is not evenly distributed in the lake area: samples collected at or near the main inflow and at the outflow show 
an abundance of about 50%, generally increasing with depth, whereas within the lake calcite rises up to more than 
90%. Endogenic calcite precipitation is known to occur in the warmer months, triggered by photosynthetic activity 
and evaporation of the water body [2], but detrital calcite is also likely present in the sediments. 

SEM observations showed a variety of grain morphologies and surface textures. Grains are medium to coarse in 
size (4-500 μm), and are commonly constituted by calcite and quartz. Sediments collected near the inflow show 
the abundance of detrital minerals such as feldspar, calcite and quartz, which can be attributed to soil erosion. In 
addition, coarse grains are dominated by mineral aggregates, also probably formed in the soil, in which calcite is 
associated with organic matter. Sediments from the centre of the lake, accounting for 90% of calcite, show both 
detrital and endogenic calcite grains, characterized by a rounded shape and by superposed layers, respectively. An 
apatite grain was detected in sediments from the agricultural zone, and attributed to the use of phosphate fertilizers 
in the floating gardens. 

Chemical analyses indicate that Ca is the most abundant element, in agreement with the abundance of calcite, 
followed by Al, Na and K, all elements contained in detrital minerals and associated heavy metals. The compar-
ison between the elemental compositions of lake sediment with that of the rocks outcropping in the watershed 
confirmed that accelerated soil erosion, and the consequent detrital input to the lake, constituted a major source of 
potentially toxic elements to the lake.

[1] Sidle R.C., Ziegler A.D., Vogler J.B. (2007). Contemporary changes in open water surface area of Lake Inle, Myanmar. Sustainability 
Science, 2, 55-65.

[2] Thin M. M., Sacchi E., Setti M. (2016). Hydrological processes at Inle Lake (Southern Shan State, Myanmar) inferred from hydrochem-
ical, mineralogical and isotopic data. Isotopes in Environmental and Health Studies, 52 (4-5), 455-467.
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In the Eocene clastic rocks, represented by conglomerates, sandstones and shales, which crop out as a part of 
Inner Dinarides in the vicinity of Hrvatska Kostajnica (Croatia), zeolite minerals have been described earlier [1]. 
Zeolites, represented by stilbite and laumontite, occur mainly as cement but sometimes they are present in vein-
lets. Exact conditions of their formation are not defined yet. Cretaceous clastic and metasedimentary rocks are 
also present in the area, and it is difficult to distinguish them from Eocene ones due to absence of fossils and clear 
geological relations.

In order to decipher thermal conditions resposible for zeolite formation clay mineralogy of the rocks was studied. 
In addition clay mineralogy was also used to distinguish petrographically similar rocks of different ages. Inves-
tigations comprised standard X-ray powder diffraction determination of clay minerals including Kubler (KI) and 
Árkai indices (AI) measurements.

Preliminary results showed that clay minerals in Eocene rocks are represented mainly by smectite and illite having 
KI values characteristic for diagenetic zone. On the contrary Cretaceous rocks contain different varieties of chlo-
rite-smectite interstratifications and illite with KI values typical for the anchizone. 

Obtained results of thermal history based on clay mineralogy and Kubler and Árkai indices confirm existence of so 
far vaguely defined/poorly known very-low grade metamorphic event in the period from Cretaceous to pre-Eocene 
in the northwestern most part of the Inner Dinarides realm.

This work has been fully supported by Croatian Science Foundation under the project IP-2014-09-9541.

[1] Tibljaš D., Šćavničar S. (1985). Zeolites in Eocene conglomerates from Velešnja (west of Kostajnica). Mineralogija, 1, 207-215. 
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It is well-known that materials with the brucite-like layers, such as layered double hydroxides (LDHs) are widely 
used in catalytic reactions due to their unique structural and physicochemical properties. Unfortunately, informa-
tion on catalytic applications of natural materials with the hydrotalcite-type structure is rather limited in literature. 

In the present work, natural brucite (Kuldur deposit, Russia) and Mg,Al-layered double hydroxides (Mg,Al-LD-
Hs) with various Mg/Al atomic ratios were investigated as catalysts for the reaction of propylene oxide (PO) with 
methanol to propylene glycol methyl ether (PGME) which is used as pollution-free solvent in fine chemicals syn-
thesis in pharmaceutical, chemical and cosmetic industry. 

The acid-base properties of Mg,Al-LDHs were analyzed by Hammett acidity titration with n-butylamine and ben-
zoic acid, finding that the amount of acid and base sites can be tailored by the Al-content in the solids. The decrease 
in Al content led to the simultaneous increase in the amount of basic sites and the decrease in acid sites. The basic 
properties of the anionic clays were investigated by FT-IR spectroscopy using CDCl3 as probe molecule. The in-
creasing of the heating temperature of brucite from 90 to 150 ºC increased its basicity, but the further increasing of 
the heating temperature did not affect the strength of the basic sites. Basicity rose with the increase in the heating 
temperature of brucite, while the decrease in Al content favored the increase in basicity of the LDHs. This result 
was in agreement with the data of optical basicity estimated by a semiempirical method. 

Special attention was focused on the investigation of correlations between basic and catalytic properties of these 
materials. It was found that the activity of brucite correlated well with the basicity, which depended on the activat-
ing temperature of brucite. In Mg,Al-LDHs, the decrease in Al content led to the increase in the selectivity towards 
PGME and the conversion of PO. The activity of Mg, Al-LDHs was lower than that of brucite, while selectivities 
towards PGME were close. In the presence of Brucite (150 ºC) and Mg,Al-LDH (Mg/Al = 3.89) conversions of PO 
were 42 and 28%, respectively, at 140 °C, 4.1 wt.% of catalyst, MeOH/PO molar ratio of 12 and time of reaction 
7.5 h. The higher activity of Brucite (150) compared with Mg,Al-LDH (Mg/Al = 3.89) is related to the difference 
in the surface basicities.

The stability of the most active sample, namely Brucite (150 ºC), was investigated by means of recycling tests. It 
was demonstrated that Brucite (150 ºC) can be used repeatedly without significant loss of catalytic activity during 
at least four catalytic cycles.

Acknowledgments: AG and MAV thank MINECO and ERDF (MAT2013-47811-C2-R and MAT2016-78863-C2-R).
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Nowadays, acid-activated clays, mainly montmorillonites, have received much attention in organic synthesis due 
to their unique structural and physicochemical properties, and low cost. The acid activation of clays leads to the 
formation of Brønsted acid sites, which are important for carrying out various organic transformations. Acid-acti-
vated clays are widely used in reactions of isomerization, alkylation, acylation, among others. It is well-known that 
the type and concentration of the acids used in the chemical activation should affect the strength and the number 
of acid sites on the surface of the clay that should change the catalytic properties of the solids. However, this effect 
has received weak consideration to investigation in the open literature. 

Our investigation is devoted to the exploration of the effects of concentration (0.125-3.0M) and type of acid (HCl, 
HNO3, H2SO4 and CH3COOH) on (a) the chemical composition of clays (natural montmorillonite (MM), natural 
kaolin (K) and metakaolin (MK)), (b) structural and textural properties of clays, (c) acid-base properties of clays, 
and (d) catalytic properties of clays in the synthesis of oxygen- and nitrogen-containing heterocyclic compounds. 

Combination of physicochemical methods points that the chemical composition of the samples obtained by ac-
id-activation of MM depends on the acid concentration. Substitution of the exchangeable cations by H+ is observed 
when concentration of acid (HCl and HNO3) is less than 0.5 M. The increase in acid concentration leads to the 
leaching of Al3+ cations from the octahedral sheets. The changes of chemical and phase compositions affect the 
textural properties of the activated samples. According to IR spectroscopy using pyridine as probe molecule, the 
amount of Brønsted acid sites in MMs rises with increasing the acid concentration up to 0.5 M and then slightly 
decreases. The strength of Brønsted acid sites varied negligible in acid-activated MMs. Using HCl for acid activa-
tion we demonstrated that the amount and strength of Brønsted acid sites depend on the type of clay and decreases 
in the order:

HCl-MM > HCl-K > HCl-MK

Correlations between the Brønsted acidity, the porous structure of the acid-activated clays and their catalytic 
performance were revealed in (a) the Prins cyclization reaction of (-)-isopulegol with vanillin to octahydro-2H-
chromen-4-ol, (b) cyclocondensation of glycerol with acetone to solketal, (c) cyclocondensation of o-phenylen-
ediamine with acetone to 1,5-benzodiazepine. According to the experimental results, the Brønsted acidity, the 
microporosity and the structure of the catalysts are key factors for the control of the reaction rate and the selectivity 
towards the main products.

Acknowledgments: AG and MAV thank MINECO and ERDF (MAT2013-47811-C2-R and MAT2016-78863-C2-R).



Scientific Research Abstracts
Vol. 7, p. 759, 2017
ISSN 2464-9147 (Online)
XVI International Clay Conference | ICC 2017 | Granada, Spain
© Author(s) 2017. CC Attribution 3.0 License

EFFECT OF SILICA-BEARING PHASES IN DREDGED SOIL ON THE 
STRENGTH DEVELOPMENT OF STEEL SLAG-DREDGED SOIL 
MIXTURES

kanako toda (1)*, yu arai (1), tsuBasa otakE (2), tsutomu sato (2), haruna sato (1), niLan 
wEErakoon (1), satoshi nishimura (2)
(1) Graduate School of Engineering, Hokkaido University, Sapporo 060-8628, Japan, (2) Faculty of Engineering, Hokkaido 
University, Sapporo 060-8628, Japan 
*knktd@eis.hokudai.ac.jp

Both steel slag from ironworks and dredged soil extracted beneath the ports are by-products from industrial activ-
ities. While the most of steel slags have been reutilized as construction materials, significant volume of dredged 
soils have been disposed as wastes. Dredged soils have soft physical properties and therefore are difficult to be uti-
lized for construction materials. They are land filled or dumped in other sea floor. However, Japan faces the prob-
lem of land filling site shortage, increasing the need to utilize dredged soil as a constant resource supply. Dredged 
soils are mainly composed of minerals including clays, organic debris and seawater. Indeed, its characteristics dif-
fer greatly depending on the sampling areas due to the variation of its composition. Recently, it is discovered that 
mixtures of steel slag with dredged soil are hardened. This discovery may expand their application into building 
materials for undersea construction such as refilling, reclamation and constructing tideland. Nonetheless, different 
combinations of a type of steel slag and dredged soil from various areas show gaps in the strength development 
even under an identical mixing condition. The relationship between mixing condition and strength development is 
not yet clarified, making the mixture difficult to be utilized for the above application. 

Understanding of the hardening mechanism of the steel slag-dredged soil mixture will enable the prediction of the 
strength with a particular combination of steel slag and dredged soil. To achieve it, clarifying the secondary min-
eral formation that contributes to hardening is essential. Previous studies suggested that the strength development 
was related to the pozzolanic reaction, which results in cementation by the formation of calcium silicate hydrates 
(C-S-H). Key factors in the pozzolanic reaction are the increase in pH of the pore water and the supply of calcium 
and silica ions to pore water. Steel slag contains Ca(OH)2, which supplies calcium and increases pH of the mixture. 
From the dredged soil, silica will be supplied but it is not clarified what component is being the silica supply.

Focusing on the variation of dredged soil affecting the strength development, the objective of this study is to un-
derstand the effects of silica-bearing phases in dredged soil on the strength development of steel slag-dredged soil 
mixture. 

In this study, dredged soils from various sampling locations (A, B, C and D) and a steel slag from ironworks 1 
were mixed for the investigation. The unconfined compressive strength showed mixtures with soil A exhibits the 
highest strength, followed by those with B, C and D. Through 3-day cured sample’s cross-sectional area observa-
tion, formation of C-S-H in mixture A was found to be denser than mixture D, filling up pores in the mixture. In 
addition, the measurement of mixtures’ pore water pH transition showed decreasing trend in pH from 12.5 in only 
mixtures A and B but not C and D during 0day-91days curing time. This suggests stronger mixtures’ (A and B) pore 
water’s pH was dominated by formed secondary minerals, such as C-S-H which expels H+ when the reaction goes 
forward for the formation of it, indicating that the secondary mineral formation was notably greater in stronger 
mixture. Firstly, the effect of humic acid, that is a kind of organic substance, which may limit the supply of soluble 
calcium is quantified to see the effect on strength development of the mixtures. Further, the silica ion was most 
likely supplied from dredged soils so the biogenic silica contents is also clarified by the dissolution experiment. 
Inorganic amorphous silica such as volcanic glass content is also discussed. XRD analysis showed no significant 
difference between the mineralogical compositions of all the dredged soils before mixing, all containing Fe-chlo-
rite, kaolinite, 2-8mica and smectite in terms of clay minerals. The consumption of clay minerals through multiple 
curing times is traced using XRD. Through geochemical modeling for estimation of C-S-H formed from above 
silica supply, we suggest that the silica supply from each silica-bearing phase of dredged soils may be the driving 
force for the pozzolanic reaction during strength development.
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Layered double hydroxides (LDHs) are a family of lamellar compounds with a general formula of [M1−x
z+Mx-

3+(OH)2]
a+[An−]a/n·mH2O, where Mz+ and M3+ are cations, and An− is a charge compensating anion. Various combi-

nations of cations and anions have been adopted to synthesize LDHs depending on targeted functionalities, such 
as optical, electrochemical, surface basicity, and anion-exchange properties. As well as the chemical tuning, struc-
turation has been employed to optimize and enhance inherent characteristics of LDHs [1-3]. Most of LDHs with 
various morphologies reported so far rely on textural porosity where aggregated LDH platelets form pores that are 
not finely tunable by synthetic parameters. Alternatively, topochemical conversion of lamellar host materials into 
LDHs is a promising approach to yield pure LDHs with well-defined morphologies. Previous reports demonstrated 
that treatments of gibbsite, bayerite, and nordstrandite (polymorphs of Al(OH)3) with aqueous lithium salts LiX 
(X = Cl, Br, NO3) lead to simultaneous intercalation of Li+ and X− into the host structures to form Li/Al LDH with 
different intercalated anions [4,5]. To this end, a key issue is the preparation of crystalline aluminum hydroxide 
with a controllable morphology.

On the other hand, crystalline aluminum hydroxide with a predesigned structure is hard to prepare especially when 
its size is in nanometer size scale, where inhomogeneous agglomeration and Ostwald ripening are reported to oc-
cur to yield sedimentations of aggregated crystalline particles. Developing a pathway to prepare nano precursory 
hydroxides and transcribe them into LDH via a pseudomorphic manner is highly demanded. 

Herein, for the preparation of Li/Al LDH, characteristics of nanoparticulate amorphous aluminum hydroxide, i.e. 
high reactivity and feasibility toward nano/macrostructuration were fully employed. We demonstrate the fabrica-
tion of hierarchically porous pure Li-Al LDH though a pseudomorphic replication from a hierarchically porous 
monolith composed of amorphous aluminum hydroxide nanoparticles. The highly soluble amorphous nanopar-
ticles reacted with LiOH aq with a diffusion limited manner, allowing the pseudomorphic replication into Li/Al 
LDH. As well as the hierarchically porous monolith, aqueous suspension of Li/Al LDH nanocrystals was suc-
cessfully obtained through the same replication strategy from corresponding suspension of aluminium hydroxide. 
These replicated Li/Al LDHs exhibited catalytic activity toward a transesterification of soybean oil, confirming 
considerable surface basicity derived from high specific surface area and intrinsic LDH nature. The discussion will 
be mainly dedicated to the mechanism of LDH crystallization thorough the replication process.

[1] Faour A., Mousty C., Prevot V., Devouard B, De Roy A., Bordet P, Elkaim E., Taviot-Gueho C. (2012). Correlation Among Structure, Mi-
crostructure, and Electrochemical Properties of NiAl-CO3 Layered Double Hydroxide Thin Films. J. Phys. Chem. C, 116, 15646-15659.

[2] Tokudome Y., Fukui M., Tarutani N., Nishimura S., Prevot V., Forano C., Poologasundarampillai G., Lee P. D., Takahashi M. (2016). 
High-Density Protein Loading on Hierarchically Porous Layered Double Hydroxide Composites with a Rational Mesostructure. Lang-
muir, 32, 8826-8833.

[3] Wang C.L.J., Wu Y.M.A., Jacobs R.M.J., Warner J.H., Williams G.R., O’Hare D. (2011). Reverse Micelle Synthesis of Co-Al LDHs: 
Control of Particle Size and Magnetic Properties. Chem. Mater. 23, 171-180.

[4] Besserguenev A.V., Fogg A.M., Francis R J., Price S.J., O’Hare D., Isupov V.P., Tolochko B P. (1997). Synthesis and Structure of the 
Gibbsite Intercalation Compounds [LiAl2(OH)6]X {X = Cl, Br, NO3} and [LiAl2 (OH)6]Cl·H2O Using Synchrotron X-ray and Neutron 
Powder Diffraction. Chem. Mater., 9 (1), 241-247.

[5] Fogg A.M., Freij A.J., Parkinson G.M. (2002). Synthesis and Anion Exchange Chemistry of Rhombohedral Li/Al Layered Double Hy-
droxides. Chem. Mater., 14 (1), 232-234.
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Nanostructuration is a promising way to improve inherent properties of layered double hydroxide (LDHs), such as 
anion exchangeability, surface basicity, and adsorption characteristics. Synthesizing LDH nanoparticles has been 
in great demand and widely explored to this end. Despite its importance, the aqueous synthesis of LDH materials 
with a single-nm-size is hard to achieve expect a very few cases [1,2]. Most of LDHs nanomaterials reported so far 
are composed of primary particles with a size a few tens nm and more, and additionally, they are strongly aggregat-
ed to form sedimentations. Alternative route to access LDH nanomaterials is delamination of bulky LDH crystals. 
Recent studies reported that the delaminated LDH powders exhibit a high surface area (>260 m2/g) by employing 
a special drying step called as AMOST [3]. On the other hand, isolating delaminated LDH nanosheets in polar sol-
vents is still a considerable challenge because of aggregation and restacking of the nanosheets. Developing stable 
and concentrated aqueous suspensions of LDH nanocrystals will provide benefits for various applications taking 
advantage of features derived from nanometric LDH materials.

Herein, we demonstrate a synthesis pathway towards aqueous suspension of LDH nanocrystals with a size of 5 
nm. Two different families of LDHs, M(II)/M(III) and M(I)/M(III) LDH, were nanocrystalized and simultaneously 
stabilized as a highly concentrated aqueous suspensions through a simple one-pot process. As a typical example, 
the synthesis of Ni/Al LDH was performed at a considerably-high supersaturation with using a starting mixture 80 
times more concentrated than those for standard LDHs. Nevertheless, stable suspension without aggregation was 
successfully achieved by taking advantage of the spontaneous gelation−deflocculation transition of nanocrystal-
line LDH gels [4]. As a result, suspension of LDH nanocrystals (isotropic shape with the size of 4.5 nm), which are 
concentrated (100 g/L in water/alcohol solvent), stably dispersed (transparent sol for >2 weeks), and catalytically 
active have been successfully obtained. The synthesis strategy is versatile and can be extended to prepare various 
LDHs with chemical compositions, Zn/Al, Ni/Al, Co/Al, and Li/Al LDH. 

Proof of concept applications revealed that the LDH nanocrystals work as solid basic catalysts and allows easy 
separation from solvents of catalytic reactions, confirming the nature of nanocatalysts. LDH nanocrystals thus 
obtained with a single-nm-size work as nanobuilding blocks (NBBs) to form mesoporous and macroporous mate-
rials, allowing to enhanced diffusion and accessibility of guest molecules/ions. The formation mechanism of LDH 
NC as well as the capability of their use as crystalline NBBs will be closely addressed. 

[1] Kuroda Y., Miyamoto Y., Hibino M., Yamaguchi K., Mizuno N. (2013). Tripodal Ligand-Stabilized Layered Double Hydroxide Nanopar-
ticles with Highly Exchangeable CO3

2−. Chem. Mater., 25, 2291-2296.
[2] Tokudome Y., Tarutani N., Nakanishi K., Takahashi M. (2013). Layered Double Hydroxide (LDH)-based Monolith with Interconnected 

Hierarchical Channels: Enhanced Sorption Affinity for Anionic Species. J. Mater. Chem. A, 1, 7702-7708.
[3] Wang Q., O’Hare D. (2013). Large-Scale Synthesis of Highly Dispersed Layered Double Hydroxide Powders Containing Delaminated 

Single Layer Nanosheets. Chem. Commun., 49, 6301-6303.
[4] Tokudome Y., Morimoto T., Tarutani N., Vaz P D., Nunes C.D., Prevot V., Stenning G.B.G, Takahashi M. (2016). Layered Double Hydrox-

ide Nanoclusters: Aqueous, Concentrated, Stable, and Catalytically Active Colloids toward Green Chemistry, ACS Nano, 10, 5550-5559.
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Disposal of mine tailingswhich appears during the mining activity from “Bor” mine (Serbia), represents an enor-
mously large environmental problem, because mine tailings is highly polluted with toxic heavy metals. This waste 
material is characterised as hazardous due to its high contents and leachabilities of toxic metals and constitutes a 
severe risk to the environment, especially ground water. Therefore it is necessary to expose mine talling to certain 
treatments of remediation. Stabilization/solidification (S/S) technology has been widely applied to immobilize 
toxic metals in different types of sludge with various additives [1]. Quantifying the environmental impact of S/S 
materials in real environment scenarios is crucial for selecting proper disposal and reuse alternatives and for certi-
fication of immobilization technologies. 

This work investigate the possibilities of immobilizing heavy metals in waste sludge from mine tailings, using 
different low-cost effective sorbents (native clay and zeolite) and determines their effectiveness depending on 
numerous factors. The performance of the immobilizing procedures was examined using several leaching tests: 
one long-term diffusion test (ANS 16.1 [2]) and three batch leaching tests (DIN 38414-4 [3], TCLP [4], MWLP 
[5]). Each test uses a different leaching fluid to mimic field conditions and give realistic access into the actual 
environmental scenario.

Overall, the test results indicated that solidification/stabilisation treatment was effective for immobilization toxic 
metals in the mine tailing, and can be considered acceptable for “controlled utilization”. Also, the results indicated 
that all S/S samples can be considered as non-hazardous waste, as all leached metal concentrations met the set 
criteria.

These results will further enable the modelling of metals behaviour during long-term leaching from treated mine 
tailing and assess the most effective agents for the immobilization. The data are invaluable in terms of economi-
cally and environmentally sound management of mine tailing.

Acknowledgement: the research was funded by the Ministry of Education, Science and Technological Development (Project III43005 and TR37004).
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for remediation of metals polluted sediment--green remediation. Chemosphere 92 (11):1490-7.

[2] ANS (American National Standard) ANSI/ANS-16.1. (1986). American National Standard for the Measurement of the Leachability of 
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A photon carries not only energy but also momentum. When photons collide to an object, momenta of photons 
change by scattering. At the same time, a force called radiation pressure is applied to the object. By taking advan-
tage of the radiation pressure of a tightly focused laser beam, an object can be trapped selectively at the focal point 
[1]. For example, particles such as a protein and a droplet with a diameter of 3 to 12 mm have been trapped [2-4]. 

In this study, we applied radiation pressure of a tightly focused laser beam to liquid crystalline oxide nanosheets. 
Nanosheet liquid crystals, which are lyotropic liquid crystals, consist of colloidally dispersed oxide nanosheets 
with a thickness of 1 nm and a lateral size of several mm. Orientation of the oxide nanosheets can be changed at 
macroscopic scales by applying an electric field, similar to organic liquid crystal [5]. However, the orientational 
change of oxide nanosheet at a microscopic scale has not been realized. Thus, we attempted to realize the orienta-
tion of oxide nanosheets at a microscopic scale by the radiation pressure of a focused laser beam.

Oxide nanosheet colloids consisting of niobate nanosheets with a particle size of ca. 1.6 mm were prepared at 
concentrations of 0.05, 5 and 50 g/L. The colloids exhibited isotropic, mixture of isotropic and liquid crystal and 
liquid crystal phases, respectively. The niobate nanosheet colloids were sandwiched by a glass slide and a cover 
glass with a spacer of 100 mm. A linearly polarized laser beam (l = 532 nm, 100 mW) was irradiated to the sample 
mounted on a polarizing microscope through an objective lens (x25, N.A. = 0.4). The spot size of the laser beam 
at the focal point was estimated to be 0.8 mm. The orientation of niobate nanosheets was observed with crossed 
polarizers.

For the niobate nanosheet colloid prepared at 0.05 g/L, the polarized microscope image was dark before and after 
the laser irradiation. On the other hand, bright area appeared upon the irradiation for the niobate nanosheet colloid 
prepared at 5 g/L around a focal point. An optical texture similar to Schlieren texture was observed during the laser 
irradiation, although the image before irradiation was dark. For the niobate nanosheet colloid prepared at 50 g/L, 
bright area was observed even before the laser irradiation and the texture was not changed during laser irradiation. 

A dark area in the polarized microscope image indicates homogeneous orientation of the niobate nanosheets with 
their in-plane direction parallel to a cell surface. On the other hand, a bright area indicates the presence of niobate 
nanosheets with their out-of-plane orientation to a cell surface [5]. Therefore, it was concluded that, in the niobate 
nanosheet colloid prepared at 5 g/L which exhibited the mixture of isotropic and liquid crystal phases, orientation 
of the niobate nanosheets at a microscopic scale was changed by radiation pressure of a focused laser beam.

[1] Ashkin A., Dziedzic J.M., Bjorkholm J.E., Steven C. (2013). Observation of a single-beam gradient force optical trap for dielectric par-
ticles. Opt. Lett., 288-290.

[2] Kudo T., Wang S., Yuyama K., Masuhara H. (2016). Optical trapping-formed colloidal assembly with horns extended to the outside of a 
focus through light propagation. Nano Lett., 3058-3062.

[3] Shoji T., Kitamura N., Tsuboi Y. (2013). Resonant excitation effect on optical trapping of myoglobin: the important role of a heme cofac-
tor. J. Phys. Chem. C, 10691-10697.

[4] Murazawa N., Juodkazis S., Matsuo S., Misawa H. (2005). Control of the molecular alignment inside liquid crystal droplets by use of 
laser tweezers. Small, 656-661.

[5] Nakato T., Nono Y., Mouri E., Nakata M. (2014). Panoscopic organization of anisotropic colloidal structures from photofunctional inor-
ganic nanosheet liquid crystal. Phys. Chem. Chem. Phys., 955-962.
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The FEBEX experimental program was planned regarding the up-scaling effect when research on long-term evo-
lution of deep geological repositories (DGR) is addressed. Results provided by different experimental concepts 
and using different scales and test durations feed models but it is necessary to evaluate the representativeness of 
the results in terms of performance assessment of the DGR. Having this in mind, this work presents and compares 
the results obtained from both laboratory and in situ experiments designed with the aim of further interpretation 
of the up-scaling effect. The experimental plan and the duration of the experiments were prepared to make up an 
added value to previous works, since both imply a quite realistic approach to the conditions expected in a reposi-
tory during the re-saturation process.

The FEBEX in situ test was a full-scale demonstration of the Spanish DGR concept in granite, in which the waste 
canisters are emplaced horizontally in drifts, surrounded by a barrier of high density compacted bentonite blocks 
[1]. Two metallic heaters simulating the thermal load of the metallic waste packages were switched on to a temper-
ature of 100 °C, while the bentonite buffer was slowly hydrating in a natural way with groundwater coming from 
the granite. The heater closer to the gallery entrance was switched off and dismantled after 5 years. The gallery 
was sealed with a sprayed concrete plug and a second operational phase started (www.grimsel.com/gts-phase-vi/
FEBEX-dp). The experiment was dismantled in 2015, after 18 years of operation and the post-mortem characteri-
zation of aged samples of bentonite that have been in contact with metallic components (e.g. heater and liner) has 
been made.

A series of six scale-model experiments was designed to simulate as close as possible the evolution of the geo-
chemical environment in the carbon steel/bentonite interface of a DGR. The six column experiments were as-
sembled and sequentially dismantled to evaluate the evolution of the system from transient to full-saturation state 
[2]. These column experiments started running simultaneously in August’06. Up to now, four of them have been 
dismantled sequentially after 6, 15, 52 (4.3 years) and 82 months (7 years) of operation. Characterization of the 
bentonite in contact with iron was accomplished in the six tests.

Common geochemical processes were observed in the two scales. Due to simultaneous heating and hydration of 
bentonite, thermal and hydraulic gradients were generated along the bentonite blocks. These gradients are respon-
sible for the accumulation of salts observed in the proximity of the heaters and the redistribution of exchangeable 
cations. Magnesium is the major cation in hotter areas whereas it tends to decrease in low-temperature saturated 
zones. On the other hand, precipitation of carbonates such as calcite (aragonite) and siderite (ankerite) have been 
detected in bentonite in contact with the heater or the liner.

Deliquescence of salts, especially chloride, seems to play a relevant role on the initialization of corrosion since 
chlorine traces were detected in corrosion products. Low relative humidity and oxygen fugacity in the proximity 
of the canister has favoured low corrosion rates. An overall Fe enrichment has been observed in all the analyzed 
interfaces, mainly related to the precipitation of FeOOH. EDS analyses revealed that the alteration zone do not 
exceed 100-µm in any case. The altered area consisted basically of a mixture of corrosion products and compacted 
bentonite enriched in chloride and sulfate. Fe-rich newly-formed clay phases could not be detected in any of the 
Fe/bentonite interfaces.

Acknowledgments: the work was financially supported by the FEBEX-DP consortium and the Annex XLII of the ENRESA-CIEMAT frame-
work agreement.
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The Jbel Boukhmis Formation outcrops in the East of central Morocco. It’s located at the North of Mrirt city, less 
than two kilometers from the national road R712 connecting Meknes to Mrirt. It lies in angular unconformity on 
Devonian series. The overthrust structure shows a verging towards the NW. The biostratigraphic dating of this For-
mation gives it a Brigantian age. This Formation, about 100m thick, is composed essentially of very diverse car-
bonate facies ramp. The analysis of carbonates microfacies indicates an internal, medial and external environments 
ramp. These facies show lateral and vertical variations indicating a translation on time and space of depositional 
environments [1]. The aim of this paper is to determine the clay minerals of the Jbel Boukhmis Formation and to 
determine their diagenetic evolution.

The qualitative and semi-quantitative analysis of the different diffractograms reveals that the clay minerals of the 
Jbel Boukhmis Formation are composed essentially of simple minerals such as kaolinite (0-44%), illite (41-100%), 
chlorite (0-31%), vermiculite (0-28%) and mixed layer clay minerals such as illite-chlorite and illite-vermiculite 
type (<21%). The vertical evolution of these minerals shows the dominance of inherited minerals (kaolinite, illite, 
chlorite) towards the top of this Formation. The kaolinite of the Jbel Boukhmis Formation has a detrital origin. Its 
predominance along this Formation shows a shallow depth of burial and testifies to a warm and humid climate that 
prevailed in Morocco during the Brigantien. The distribution model of kaolinite can inform us about changes in the 
accommodation space. Indeed, its distribution along this Formation shows its dependence on lithology. The per-
centages of kaolinite show a significant increase towards the coastal facies and a decrease towards the sea. Chlo-
rite, detritic with a badly formed 14 A° peak, is transformed into vermiculite by degradation process, by washing 
of Mg2+ cations that exists between the interlayer spaces of the chlorites. The increase of the diagenetic processes 
(pressure and/or temperature) towards the depth favors the increase of the illite crystallinity and the disappearance 
of the kaolinite, which becomes sensitive under the effect of these new conditions. They favor also the appearance 
of mixed layer clay minerals (illite-chlorite or illite-vermiculite) from simple minerals and/or the transformation 
into illite and chlorite more or less stable under these conditions. This is called the burial diagenesis. The distri-
bution of clay minerals (C, I-C, I, I-V and V) along the Jbel Boukhmis Formation also shows a visible cyclicity. 
This cyclicity is related to variations in sea level, thus asserting the relationship between sedimentary facies and 
clay minerals. These data indicate rather the major effect of the detrital contribution and the intense effect of the 
meteorization in the study area during the Brigantian.

The ratio I002 / I001 of the illite is superior than 0.3, which testifies to an aluminous character of the illites. The 
representation of the illite crystallinity (Kübler’s index) as a function of the I002/I001 ratio of the illites on the 
Esquevin diagram shows diagenetic to anchizonal domains.

Clay minerals are excellent diagenetic and climatic indicators. The distribution of clay minerals proves that the 
carbonate platform of Jbel Boukhmis evolved under the influence of a tropical climate during the Brigantian. The 
origin of these alumina silicates is mainly the alteration, in a hot and humid climate, of the silicate minerals of a 
hinterland that feeds this carbonate platform. The covering of the sedimentary series does not exceed about 4km. 
The degree of metamorphism that affected the Jbel Boukhmis area is very low and the effect of the hercynian 
deformations is negligible.

[1] Haddad M. (2015). Les dépôts du Viséan supérieur de Jbel Boukhmis, Maroc central : Analyse de faciès et phénomènes diagénétiques 
enregistrés. Mém. Master Géosciences, Université Moulay Ismail, Meknès, 129 p.
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The Middle Mississippian series of the Agarad-n-Azdaït area crop out at North of the Mrirt city (East of central 
Morocco). At less than two kilometers to the East of national road R712 connecting Meknes to Mrirt, two Brig-
antian Formations, Boukhmis and Aoujgal Formations, crop out in this area. The Boukhmis Formation lies in 
abnormal contact on Devonian series. The Aoujgal Formation lies in angular unconformity on Namurian series and 
overlapped by a Devonian series. This overthrust structure shows a verging towards the NW. These two Forma-
tions are composed of very diversified carbonate ramp facies which show lateral and vertical variations indicating 
a translation of the deposit environment in space and time [1,2]. The aim of this piper is to identify the clay min-
erals of Agarad-n-Azdaït area and show their tectonic signatures.

The qualitative and semi-quantitative analyzes of the clay fraction of the Boukhmis and Aoujgal Formations show 
a clay mineral assemblage composed of simple minerals such as illite, kaolinite, chlorite and vermiculite and 
mixed layer clay minerals such as illite-Chlorite and illite-vermiculite. The persistence of kaolinite and vermicu-
lite along these Formations confirms a total recovery of less than 4000m. Five samples were taken near the thrust 
fault, separating the Boukhmis Formation from the Devonian substratum. Those samples are composed of 47 to 
100% of illite and 0 to 53% of chlorite. Five other samples were taken from the proximity of lystric faults which 
subdivide the Aoujgal Formation to three unites. Those samples are composed of 65.22 to 100% of illites and 0 to 
53% of chlorites. On the whole, we remark that the samples taken in the brecciation zones are composed only of 
illite. The mineralogical data delivered by these samples show a disappearance of kaolinite and an increase in the 
illite crystallinity. The other clay minerals (vermiculites and mixed-layers clays) are transformed to chlorites and/
or illites more or less stables under these conditions, indicating a strong increase in temperature and pressure. The 
disappearance of vermiculate in favor of illites and chlorite and the increase of illite crystallinity attest the tectonic 
effect. The disappearance of kaolinite proves thermal effect of tectonic.

The representation of the illite crystallinity as a function of the illite I002/I001 ratio on the Esquevin diagram of 
Agarad-n-Azdaït shows that all the samples taken in the faults zones, are located in the epizona domain. In this 
domain all clay minerals are transformed by recrystallization into illites and/or chlorites under the thermal effect 
of tectonics. Also, a sensitive kaolinite was disappeared under these conditions, so as the increasing of the illite 
crystallinity. Moreover, the other samples taken along the Aoujgal and Boulhmis Formations are located in dia-
genitic and anchizonal domains. These results prove that a posterior tectonic affecting the Agarad-n-Azdaït area.

These new mineralogical data call into question the theory of intra-viséan synsedimentary sheet evoked by the 
previous works and proves that their establishment would be rather post-Namurian.

[1] Berkhli M., Tafoughalti K., Hachimi A., Mounach H., Tourab H., Rachdi A. (2015). Clay mineralogy and diagenetic, climatic and tec-
tonic signatures: a case of Middle Mississippian outcrops, Aoujgal Formation, central Morocco. 22ème colloque international des bassins 
sédimentaires, Fès 2015, p. 50.

[2] Haddad M. (2015). Les dépôts du Viséan supérieur de Jbel Boukhmis, Maroc central : Analyse de faciès et phénomènes diagénétiques 
enregistrés. Mém. Master Géosciences, Université Moulay Ismail, Meknès, 129 p.
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Oscillatory-zoned chlorites were sampled in hydrothermal quartz-chlorite shear veins from the Pic-de-Port-Vieux 
thrust, a second-order thrust related to Gavarnie thrust in the Axial Zone of the Pyrenees (Spain). They occur as 
pseudo-uniaxial plates arranged in rosette-shaped aggregates which appear to have been developed as a result 
of radial growth of the chlorite platelets. Chemical zoning is common in solid solution minerals (e.g. garnet), it 
is commonly attributed to changing chemical or physical conditions during crystal growth, and however it has 
been rarely reported in phyllosilicates. In order to filling this gap, oscillatory-zoned chlorite have been imaged 
by microscopy (Figure 1) and analysed coupling X-ray quantitative micro-mapping and μ XANES spot analyses 
collected at the Fe-K edge. Results suggest that zoning corresponds to alternating iron-rich and magnesium-rich 
bands; could be interpreted to a cyclic change in temperature from about 310 to 400±50 °C throughout the chlorite 
crystallization. Its chemical composition ranges from:

Fe rich pole ([Si2.59Al1.41](Al1.37Fe3+
0.74Fe2+

1.04Mg2.48¨0.35)O10(OH)8) to 

Mg rich pole ([Si2.63Al1.37](Al1.35Fe3+0.38Fe2+
1.13Mg2.95¨0.18)O10(OH)8). 

In situ measurements of XFe3+ (Fe3+/Fe2+ + Fe3+) performed in this study suggest an Al-free di-trioctahedral substi-
tution 2Fe3+ + ¨ = 3(Mg,Fe2+) in chlorite; and a ferri-sudoite end-member (Si3Al)[(Fe2+,Mg)2Fe3+

2¨Al]O10(OH)8 
within the chlorite solid-solution domain. These unexpected observations in heterogeneous chlorites must be con-
firmed by further studies to precise the crystallographic position of Fe3+ and refine ferri-sudoite thermodynamic 
properties.

Fig. 1. Oscillatory-zoned chlorite from the Pic-de-Port-Vieux thrust
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LAYERED DOUBLE HYDROXIDES: MATRICES FOR STORAGE AND 
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Boron (B) is a micronutrient essential for plant growth and development. Part of the B that is added to soil as a 
fertilizer remains soluble and may be easily leached into the soil profile. To increase plant adsorption efficiency, it 
is essential to increase crop productivity. It is therefore necessary to search for alternative ways of making B avail-
able for plants. Incorporating B into two-dimensional inorganic host matrices, i.e. Layered Double Hydroxides 
(LDHs), provides an interesting alternative for evaluating how these materials can make B available for the plants. 
The objectives of this work were: (i) synthesis and characterization of LDH intercalated with B (LDH-B); (ii) to 
evaluate B availability in soils as a function of different contact times between the B sources (LDH-B and H3BO3) 
and the soils; (iii) the application of LDH-B as a B source for plant growth.

LDH-B was prepared by the coprecipitation method at constant pH [1]. The synthesized material was charac-
terized by DRXP, FTIR/ATR, TG-DSC, specific surface area (BET method), pore volume, pore size, SEM and 
elemental analysis. To evaluate applicability of LDH-B in agriculture, we conducted an experiment to evaluate 
available B in the soil. In this experiment, 0, 10 and 20 mg·dm-3 doses of total B, in the forms of H3BO3 and of 
LDH-B, were applied to two different soils (clayey and medium texture). Available B in the soil was evaluated 
after 40, 20, 10, 5, 3, 2 and 1 days of contact between the B sources and the soils [2]. A bioassay, conducted in a 
greenhouse with appropriate statistical analysis, was done to verify the B supply for plants from the two sources, 
H3BO3 and LDH-B. Sunflower plants (Helianthus annus) were cultivated in pots. After 45 days of cultivation the 
aerial part of the plants was harvested. Plants were dried to determine dry material (DM) production.

The diffractogram profile was characteristic of hydrotalcite-like compounds, and the basal plane spacing value cal-
culated with the Bragg equation was 12.0 Å. This is coincident with values reported in the literature for the interca-
lation of tetraborate anions [B4O5(OH)4

2-] among LDH layers [1]. The spectrum of FTIR/ATR presented bands in 
1600 to 500 cm-1 region, which are attributed to various vibrational modes because of the presence of tetraborate 
anions [1]. The specific surface area, pore volume and pore size values for LDH-B were 89.85 m2·g-1, 3.65x10-2 
cc·g-1, and 1.98 Å. The results of B available in the soil as a function of the different contact times demonstrated 
that LDH-B presented better performance for B release in clayey soils than H3BO3. The quantities of B available in 
the soil were lower for LDH-B than H3BO3, suggesting LDH-B presents higher stability compared to H3BO3. For 
medium texture soil however, behavior was similar between the two sources, which suggest that LDH-B would 
not be stable in this soil. In the bioassay, for both soils and both sources studied, DM production in the aerial part 
of the plants increased compared to the treatments that did not receive B. DM production, obtained in the clayey 
soil using H3BO3 and LDH-B, presented very similar values, 15.8 g·dm-3 and 15.4 g·dm-3. For the medium texture 
soil, DM production was much lower than values found for clayey soils. In this soil, values were also close to DM 
production for both sources, 11.8 g·dm-3 for H3BO3 and 10.1 g·dm-3 for LDH-B. To evaluate the behavior of the 
LDH-B compared to H3BO3, DM production results between the two sources, suggests that LDH-B may be poten-
tially used as a B source for plants. Successive sunflower crops in these soils, without the replacing the B sources, 
are being done by our research group, with the end goal of evaluating LDH-B as a slow release B matrix for plants.

Acknowledgments: Fundação de Amparo à Pesquisa do Estado de Minas Gerais - FAPEMIG, Rede Mineira de Química (RQ-MG), and Con-
selho Nacional de Desenvolvimento Científico e Tecnológico - CNPq.

[1] Ay A.N., Zümreoglu-Karan B., Temel A., Mafra L. (2011). Layered double hydroxides with interlayer borate anions: a critical evaluation 
of synthesis methodology and pH-independent orientations in nano-galleries. Applied Clay Science, 308-316.

[2] Ferreira G.B., Fontes, R.L.F., Fontes, M.P.F., Alvarez V.V.H. (2001). Influence of some soil characteristics on the available boron. Revista 
Brasileira de Ciência do Solo, 91-101.
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SMECTITE IN BENTONITE: CHEMOMETRIC PREDICTION OF LAYER-
CHARGE BY NIR SPECTROSCOPY
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NIR spectroscopy offers a convenient tool for the non-invasive and accurate study of interlayer H2O and structural 
O-H in clays, without interference from commonly present non-hydrous mineral admixtures. For example, a recent 
survey of ~1000 natural bentonite samples has indicated that the smectite in them (montmorillonite or beidellite) 
exhibits a range of frequencies of the sharp Al2O-H and H2O (ν+δ) combination modes (4537-4512=20 cm-1 and 
5258-5242=16 cm-1, respectively [1]). The positions of the two bands are linearly correlated. Moreover, the locus 
of reference samples (SAz-1, STx-1, SWy-2) suggested a tentative relationship between increasing Al2O-H and 
H2O (ν+δ) frequencies and decreasing layer charge.

The sharp H2O (ν+δ) combination band at ~5250 cm-1 involves the high-frequency stretching component (ν) of 
interlayer H2O in smectite, assigned to dangling HO-H bonds which are pointing towards the siloxane surface 
[2,3] and proposed as an indirect quantitative probe of layer charge [4]. Unfortunately, the MIR-based layer charge 
prediction tool cannot be directly transferred to the NIR. This is because the contribution of the bending mode δ in 
the (ν+δ) combination introduces a dependence of peak position on the nature of the interlayer cation [2].

In order to explore the possibility of developing NIR-based tools for the prediction of layer charge we have studied 
a set of 65 raw bentonite powders, each in its natural (Ca-, Mg-) and Na-exchanged form. Layer-charge measure-
ments on both series of samples by the D2O method of Kuligiewicz et al. [4] indicated that Na-activation has no 
effect on the value of the charge determined. Each series of NIR spectra from natural and activated samples can 
then be modeled by PLS chemometrics [5] to yield a direct and accurate NIR tool for charge prediction applicable 
to both laboratory and field measurements: Layer charge in the 0.4-0.55 range can be predicted on the basis of 
derivative spectra (6000-4200 cm-1) by a 3-dimensional PLS model with R2≈0.95 and an RMS error of cross-vali-
dation of the order of 0.01. The overall time for measurement and analysis is ~90s or less. The method is expected 
to enable the high-throughput layer charge determination of smectite in natural samples with a spatial resolution 
of <1 cm2.

Supported by the Applied Spectroscopy Laboratory of TPCI/NHRF and project AdMaD, (MIS 5002409, TPCI-NHRF), General Secretariat for 
Research and Technology, Greece.
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NIR spectroscopy is an exceptional tool for the non-invasive structural characterization of H2O and OH in clays. 
In the present context NIR is employed to map the temperature dependence of spectra obtained at various levels 
of smectite hydration. Emphasis is placed on the systematics of the sharp features associated with interfacial inter-
layer H2O, in weak interaction with the charged siloxane surface of the smectite [1,2].

A homemade cell [3,4] was modified to enable for the variable temperature (-180 - 150 °C) NIR spectroscopic 
measurement of powder samples by a diffuse reflectance fiber probe. The cell offers contact-less, real-time meas-
urements of ~10 mg samples subjected to heating and cooling schemes with the accuracy and precision of typical 
DSC or TGA furnaces and is employed to study the montmorillonite SAz-1. The samples have been studied upon 
cycling between ambient and -180 °C, to study the effect of temperature on the spectra at nearly constant clay hy-
dration, as well as upon heating up to 150 °C (with concomitant dehydration) and subsequent quenching to -180 °C.

Within the range of these measurements, temperature is found to have little effect on the layer structure of mont-
morillonite up to ~100 °C, evidenced by the stability of the characteristic M2O-H (ν+δ) combination band(s). 
Above this temperature, the combination bands undergo changes suggesting the onset of structural distortions or a 
drastic change of the layer-interlayer interactions.

The sharp H2O (ν+δ) combination mode of smectite at ~5250 cm-1, which is specifically assigned to the dangling 
O-H bonds of interlayer H2O that are pointing to the negatively charged siloxane layer, exhibits rich temperature 
dependence. It blue-shifts by ~6 cm-1 upon heating (resulting in dehydration) to ~90 °C and then collapses to a 
number of sharp components in the 5300-5200 cm-1 range, best seen upon quenching to -180 °C. On the other 
hand, the cooling of ambient samples to -180 °C without dehydration is also causing a blue-shift of the same band 
by ~6 cm-1. Opposite to the heating branch, the trend is now sigmoidal (inflection at ~-90 °C) and reversible upon 
temperature cycling. 

Finally, the low-temperature spectroscopic data allow for the observation and identification of the hitherto elusive 
2ν stretching overtone of interfacial H2O at 7127 cm-1 (νO-H= ~3630 cm-1, νΟ-D= 2686 cm-1, [1]), next to the 
Al2OH overtone at ~7050 cm-1. The observation of the weak 7127 cm-1 band is made possible by its narrowing 
upon cooling which results in enhanced amplitude in the 2nd derivative mode.
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This paper presents the results of the first laboratory-based study on the viability of using sand additive to improve 
the geotechnical behaviour of compacted high plastic clay soils. The studied soil belongs to the known Guadalqui-
vir Blue Marly Clay (GBMC), thick marine deposits of Miocene age, which are widely distributed in the whole 
basin. The general engineering properties of the GBMC are described as, cohesive, over consolidated and stiff 
clays. They are predominantly fine grained with an average percentage of clay fraction between 50 and 60%, and 
are classified as Highly plastic clay (CH). Mineralogical composition of the formation is fairly homogenous, and 
is mainly composed of phyllosilicates, with smectite (beidelite) and illite being the dominant phases, and kaolinite 
and some amount of I/S interstratified mineral being present in small amounts. Calcite and quartz constituted the 
main rock minerals, together with small quantities of gypsum. A significant portion of the calcite belongs to micro-
fossils, which are distributed through the clay mass (Tsige, 1999). These soils are classified as marginal-inadequate 
for use in engineering works because of their high plasticity and swelling behaviour. However, they are increasing-
ly being used in construction in most earthworks in southern Spain, and more recently in environmental engineer-
ing, despite having a limited understanding of their mechanical behaviour. It is known that in most of engineering 
earth works lime or other chemical additives are recommended to address some of the engineering problems based 
on the principle of rapid ion exchange reactions and slower soil-lime pozzolanic reactions. However, the effec-
tiveness of this treatment for some type of clays is limited to the reduction of Liquid Limit (LL) and so Plastic 
(PL), and is insignificant for calcium rich clay soils. The low success rate of these methods has been attributed to 
the low interaction of the active clay with the additives (Elerta et al, 2016). This research was aimed to study the 
use of granular soil mixture to improve the geotechnical properties of the GBC as a valuable alternative for civil 
infrastructure construction involving general earthworks, road embankments and earth dams. The use of this inert 
material provides an environmentally friendly option over the chemical additives, in improving geotechnical prop-
erties of these soils while still being cost-effective to the costumer. For the purpose a natural GBMC was mixed 
in different proportion with a well graded silica sand (SP) (clay-sand mixture). The compaction, strength and 
swelling properties (% and swelling pressure) of clay-sand mixtures were measured at optimum moisture content 
and maximum dry density of Standard Proctor. The results of this study showed that, beside there is no change in 
the index properties of the investigated materials, a significant increase was observed in the compressive strength, 
stiffness and damping ratio while deformability decreased as the granular material content increased. Samples with 
only 10% sand content got an important reduction in deformability (90% swelling pressure and 80% swelling per 
cent) compared to the pure compacted clay and making the mixture acceptable for any earthwork. These improve-
ments are explained by the changed microstructure of the mixed and compacted soil, which is formed by a frame-
work of large clay aggregates and sand grains arranged in a “grain (clay aggregate) to grain (sand)” framework 
with relatively medium size pores. The reduction in volume change and swelling pressure is probably due to strain 
(volume) accommodation by sand grains. Other interesting point to note is the marginal increase in deformability 
of the samples containing 20% sand, which is associated with an increased material heterogeneity. 

[1] Kerstin Elerta, Fernando Nieto, José Miguel Azañón (2017). Effects of lime treatments on marls. Applied Clay Science, Volume 135, 
Pages 611-619.

[2] Meaza Tsige (1999). Microfábrica y mineralogía de las arcillas azules del Guadalquivir: influencia en su comportamiento geotécnico. 
CEDEX, 294 pp.
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In this work we present the results of the microfabric and mineralogical study of natural clay rich fault-rock (clay 
gouge) from one of the most active faults in the Iberian Peninsula, Alhama de Murcia Fault (AMF) [1]. AMF shows 
segments partially formed by exhumed fine grained fault gouge (FG) with a thickness of more than 50 m (Lor-
ca-Totana section) developed mainly in a brittle regime. In outcrops the shear zone has a marked tectonic fabric 
with different small and large shear planes with a general pseudo-ductile texture [2]. A systematic sampling of FG 
materials was undertaken from an observatory borehole (174 m) drilled near Lorca, FAM-1. The main objective 
of the study is to characterize the mineralogy and micro fabric of the clay gauge at depth and see the influence of 
these on the mechanical behavior of the fault zone. The study has been performed using X-ray diffraction (XRD), 
SEM and laser diffraction technique for particle size distribution analysis. The stress-strain tests were performed 
under low confining pressures using a conventional triaxial and direct shear tests.

The results of the study shows that the FG reflects mainly the original mineral composition of the hanging wall 
rock (phyllite and schists), with a small variation in mineral assemblages. The FG is mainly represented by fine 
grained materials with more than 30-48 wt% 2 μm and 20-30 wt% <5 μm, indicating a very important grain re-
duction produced by fragmentation and mechanical crushing under low pressure and temperature conditions. The 
mineral assemblage is represented by mica minerals (muscovite and paragonite), quartz and traces of chlorite and 
carbonates (calcite, dolomite and ankerite) and some graphite. The predominant clay mineral is illite followed by 
paragonite, and small amounts of kaolinite. The amount of kaolinite varies from one sample to another but always 
in very low proportions. A small illite crystallinity variation was observed between the FG and the protolithic rock 
which could have been developed by lattice distortion during intense deformation of the FG. One of the relevant 
aspects of the mineralogical results is that, in two of the studied samples (135- 140 m depth) it has been observed 
(SEM) a trace amount of smectite minerals (a low friction material) with a cornflake-like micro-fabric filling the 
small size pores which was not identified in the wall rock. Regarding to the microstructure, the SEM study reveals 
that the overall microfabric of the gouge matrix is characterized by a random oriented microfabric, however, there 
is a remarkable alignment of the platy clay minerals along small shear planes. In general they appear to form an 
anastomosing texture (turbostatic microfabric) and/or surrounding the large quartz grains. This strong local orien-
tation of the platy minerals is probably produced by intense, slow, creep-like deformation in the shear planes with 
high local stain concentration.

The stress-strain laboratory test results show a great variation of mechanical property; uniaxial compression and 
shear strength in the FG. This variation is clearly shown for the Coefficient of friction (μ) where it has been ob-
served from very low (μ= 0.28) to very high (μ = 1.19) values. These large differences in the mechanical behavior 
of the FG found in this study (with homogenous mineralogy assemblage), is mainly attributed to the direction of 
the applied stress with the shard plane [3]. However, we suggest that this large difference in the strength and me-
chanical weakening behavior of the fault rock (especially the very low μ) can also be related to the orientation of 
the clay microfabric (preferred orientation along shear zones) and the presence of low friction minerals (smectite 
and graphite) seen in the studied samples.

[1] Martínez-Díaz J.J, Masana, E., Ortuño M. (2012). Active tectonics of the Alhama de Murcia fault, Betic Cordillera, Spain urname1 N., 
Surname2 N., Surname3 N. (2013). Journal of Iberian Geology, 253-270. 

[2] Rodríguez-Escudero E., Martínez-Díaz J.J., Tsige M. (2014). Cuarzo pulverizado en la fault gouge rica en filosilicatos de la Falla de 
Alhama de Murcia: ¿un efecto cosísmico? 177-180.

[3] Pablo Rodríguez Soto, Meaza Tsige, Juan M. Insua-Arevalo, Jose J. Martinez-Diaz, Emilio Rodriguez-Escudero, M.ª Jose Jurado, Elena 
Crespo, and David Jiménez Molina (2017). Geotechnical and geomechanical characterization of “fault gouge” from the “Alhama de 
Murcia” active fault, SE Spain. Abstract, Vol. 19, EGU2017.
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SEPIOLITE- AND HALLOYSITE-TIO2 NANOCOMPOSITES: SYNTHESIS, 
CHARACTERIZATION AND PHOTOCATALYTIC ACTIVITIES 

panagiota tsigrou (1)*, dimitrios papouLis (1), dionisios panagiotaras (2), konstantinos 
CHristoforidis (3), elias statHatos (4)
(1) Department of Geology, University of Patras, Rio 26 504, Patras, Greece, (2) Department of Mechanical Engineering, 
Technological Educational Institute of Western Greece, M. Alexandrou 1, 26 334, Patras, Greece, (3) Department of 
Chemical Engineering, Imperial College London, South Kensington Campus, London SW7 2AZ, UK, (4) Department of 
Electrical Engineering, Technological Educational Institute of Western Greece, M. Alexandrou 1, 26 334, Patras, Greece

Sepiolite from Greece and Halloysite from Utah were combined with nanophase anatase for the synthesis of three 
nanocomposites. The samples were Sepiolite-TiO2 (STi), Halloysite-TiO2 (HTi) and the three phase nanocom-
posite Sepiolite+Halloysite-TiO2 (SHTi). In all samples the weight ratios are clay mineral/TiO2: 30/70, while the 
sample that contains two clay minerals there are in equal amounts (TiO2 amount remains the same). The nano-
composites were synthesized by depositing anatase on the clay mineral surfaces using titanium isopropoxide as a 
precursor under hydrothermal treatment at 180 oC. The characterization of the nanocomposites was performed by 
using various techniques (XRD, ATR-FTIR, SEM, TEM, UV-Vis, BET). The photocatalytic activity of the pre-
pared materials was evaluated for the degradation of two significant as well as completely different pollutants and 
specifically paracetamol and rhodamin B (RhB) in aqueous solutions. 

The characterization proved that TiO2 nanoparticles are well dispersed on clay mineral surfaces, while TiO2 nano-
particles are in the form of anatase. The photocatalytic activities in decomposing paracetamol for nanocomposite 
STi based on TiO2 content is higher than standard titania while the other two nanocomposites showed lower activi-
ties. The photocatalytic activities in decomposing RhB of all nanocomposites are significantly higher than standard 
photocatalyst (P25). The highest photocatalytic activities in both pollutants were measured for nanocomposite STi. 
This is due to sepiolite’s properties and especially SSA and crystal size, shape and morphology.
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MONTMORILLONITE AS A HIGHLY EFFICIENT ANION CONDUCTIVITY 
ENHANCER IN ALKALI DOPED POLYBENZIMIDAZOLE BASED 
MEMBRANES FOR PEM ELECTROLYZERS

filip ublekov (1), Hristo penCHev (1), vasil GeorGiev (1), ivan radev (2), vesselin siniGersky (1) 
(1) Institute of polymers, Bulgarian Academy of Sciences, 1113 Sofia, Bulgaria, (2) Zentrum für Brennstoffzellen Technik, 
ZBT GmbH, Carl-Benz-Str.201, D-47057, Duisburg, Germany

Polymer electrolyte membrane (PEM) fuel cells generate electricity from an electrochemical reaction in which 
oxygen (air) and a fuel (e.g. hydrogen) combine to form water and heat. In PEM electrolysers water is split into 
hydrogen and oxygen. In both devices, the polymer electrolyte membrane is a crucial component. Polybenzimida-
zoles (PBI) are a class of thermostable polymers, containing benzimidazole rings. The most popular ones, used for 
preparation of membranes for fuel cells and electrolysers, are denoted as p- and m-PBI. When treated with acids 
or bases (a process denoted as doping), PBI becomes solid ion conductor. If doped with phosphoric acid (PA) it 
becomes a proton (H+) conductor, when alkali bases like potassium hydroxide (KOH) are used, an anion (OH-) 
conducting material is obtained. For attaining high ion conductivity, high doping levels are required. Unfortunate-
ly, very high dopant content results in deterioration of the mechanical properties. A possible way for stabilization 
is introduction of reinforcing inorganic fillers. In a previous work we showed that protonated montmorillonite 
(MMT-H) can be applied as highly effective proton-conductivity enhancer in p-PBI/PA membranes [1]. Drastic 
increase of proton conductivity - over 100% higher than the PA doped pristine p-PBI membrane was observed. The 
mechanical properties are also improved - E modulus goes up by 133%. 

As anion conductive polymer membranes can be used in water electrolysers, working with catalysts, containing no 
precious metals like Pt. The interest in such materials is steadily increasing during the last years. Here we report 
the preparation and characterization of composite KOH doped PBI membranes, containing MMT. MMT-H was 
prepared by treating montmorillonite-Na+ with diluted HCl. It was mixed with the polymer solution, a film was 
cast on a glass support, after washing with water it was treated with 50% water solution of KOH. In this way p-PBI 
membranes with PBI:MMT weight rations up to 1:1 were prepared. Very high doping levels (molecules KOH 
per PBI repeating unit) were achieved thanks to the MMT, incorporated in the PBI matrix. The highest doping 
level - 42, was calculated for the p-PBI membrane with weight ratio 1:1. Anion conductivity measurements were 
performed at 110 °C and relative humidity (RH) 10-100% using the EasyTest Cell method [2]. Conductivities over 
1300 mS.cm-1 were measured - value not very far from that of 50% KOH solution (1600 mS.cm-1). The mechanical 
properties of these membranes are also very good. The highest conductivity, reported in the literature (for m-PBI 
membranes, doped with KOH) is 130 mS.cm-1[3]. This phenomenon - drastic improvement of properties - has to be 
attributed to the water and KOH trapped in the MMT- channels. MMT obviously acts as “reservoir”, which keeps 
the water and KOH contents in the membrane higher than the one provided by the RH. This behavior is clearly 
observed with increasing the MMT contents in the composite membranes.

For proving concept, KOH doped m-PBI membranes, containing MMT were also prepared. For the membrane 
with weight ratio PBI:MMT = 10:1 conductivity of 380 mS.cm-1 was measured. Obviously just a small amount of 
MMT is sufficient for achieving higher doping levels and higher conductivity, compared to the KOH doped, non 
MMT containing m-PBI - 130 mS.sm-1 [3].

[1] Ublekov F., Penchev H., Georgiev V., Radev I., Sinigersky V. (2014). Protonated montmorillonite as a highly effective proton-conductiv-
ity enhancer in p-PBI membranes for PEM fuel cells. Materials Letters, 5-7. 

[2] Radev I., Topalov G., Slavcheva E., Lefterova E., Tsotridis G., Schnakenberg U. (2013). Experimental validation of the “EasyTest Cell” 
operational principle for autonomous MEA characterization. Int. J. Hydrog. Energy, 2428-35. 

[3] Aili D., Jankova K., Han J., Bjerrum N.J., Jensen J., Li Q. (2016). Understanding ternary poly(potassium benzimidazolide)-based polymer 
electrolytes, Polymer, 304-310.
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ION-EXCHANGED PHILIPPINES BENTONITES: PREPARATION, 
CHARACTERIZATION, AND PHENOL ADSORPTION PROPERTY

camiLLE mEndoza (1), mEL Bryan L. EspEniLLa (1), xandr nEaL B. uBoan (2)*, 
Carlo a. arCilla (2), marlon t. Conato (1,3)
(1) Institute of Chemistry, University of the Philippines, Diliman, Quezon City, Philippines, (2) National Institute of 
Geological Sciences, University of the Philippines, Diliman, Quezon City, Philippines, (3) Natural Sciences Research 
Institute, University of the Philippines, Diliman, Quezon City, Philippines 
marlon.conato@upd.edu.ph

Modified Philippine bentonites were prepared by ion-exchange with sodium chloride, a surfactant cetyltrimeth-
ylammonium bromide (CTAB), a pillaring agent (aluminum hydroxypolycation), and a hybrid inorganicorganic 
bentonite derived from the combination of CTAB and the metal polycation. The presence of intercalated modifi-
ers and structural variations on the modified clay materials are monitored by spectroscopic techniques. Thermal 
analysis and in-situ high temperature XRD investigation of Philippine bentonites provide initial data of the struc-
ture-adsorption property. Adsorption properties in the removal of organic pollutants such as phenol from aqueous 
solutions were assessed through batch adsorption tests. The modified bentonites were all shown to have enhanced 
physical and chemical properties compared to the native bentonite. The results also showed that Philippine ben-
tonites modified with CTAB and the CTAB/Al-combination were the most efficient towards sorption of phenol 
as compared to the other bentonite materials. As the sorbent concentration increased, the removal percentages of 
phenol were shown to be increasing for the two organo-modified Philippine bentonites. Also, XRD results showed 
that the increased interlayer spacing of the bentonites modified with CTAB are one of the factors for high uptake 
of phenol. The results of the study showed that the enhancement of the physicochemical properties of bentonite 
makes them an attractive alternative adsorbents of organic pollutants for wastewater treatment.

Keywords: Philippine bentonite, natural clays, ion-exchange, structure transformation, phenol adsorption.
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WATER AND POROSITY IN PERLITE
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Perlite is an acid volcanic glass with water content between 2-5 wt%. The water is one of the most important fac-
tors allowing production of expanded perlite - the main commercial perlite product. The most important deposits in 
Slovak Republic - Jastrabá and Lehôtka pod Brehmi - are related to rhyolite volcanism of the Jastrabá formation of 
the Upper Sarmatian age. The purpose of this study is to compare raw and expanded perlite properties from these 
deposits as well as from other deposits and occurrences of volcanic glass.

At the Lehôtka pod Brehmi deposit exploited perlite occurs as coarse breccia with fragments of pale and dark 
grey color. The ratio of matrix and fragments is variable. Based on macro and micro observations and water 
content (loss on ignition, thermal analyses - TA) two types of perlite fragments have been confirmed: pale perlite 
with significant porosity, and dark perlite with low porosity. Pale perlite has average water content about 4 wt%, 
dark-colored perlite contains about 3.5 wt% of water. Light, fine sand matrix has higher water content ~5.5 wt%. 
Higher water content is caused by water adsorbed at the surface of grains, because 35% of total water was lost 
after drying at 105 °C, while adsorbed water content was only 9% in dark perlite and 13% in light perlite. Perlites 
from the Jastrabá deposit (glassy lava flow) comprise two types of pores - oval in micrometrics scale (~1 µm) and 
elongated (~100 µm long). The amount of total water is approximately 5.1 wt% with 14% of adsorbed water. A 
significant predominance of open porosity was determined for studied perlite from both deposits by X-ray com-
puted tomography.

In addition to TA, the infrared (IR) spectroscopy in the near IR region is also a useful method for observation of 
water present in perlite because the area of combination vibration band of water (~5240 cm-1) reflects the amount 
of water. This band was normalized on the combination vibration band of Si-OH groups (~4500 cm-1) and also to 
the ratio of stretching vibration bands of OH groups (~3600 cm-1) and Si-O (~1050 cm-1) in the middle IR region. 
Both methods, TA and IR spectroscopy, demonstrated that the molecular water dominates in studied perlites and 
the content of hydroxyl water is only a few tenths of percent.

Process of water release from perlite glass was investigated in a broad range of temperatures (from 150 to 900 
°C), at different durations of treatments, on three different grain fractions. The highest loss of molecular water was 
observed between 150 and 250 °C. Almost entire molecular water was released after 15 hours of treatments at 550 
°C. The studied perlites were also expanded at 850 - 935 °C in a laboratory furnace. Expansion ratio (bulk density 
of raw perlite to bulk density of expanded perlite) is between 17 and 20. 

A source of water in perlite is also an important phenomenon that can help to clarify its genesis. The preliminary 
results of hydrogen isotope study of perlite form Lehôtka pod Brehmi and Jastrabá indicate that perlitization was 
governed by meteoric water with a distinct isotopic composition for each locality. For comparison, obsidian sam-
ple from Streda nad Bodrogom was also analysed, while its composition was slightly heavier compared to all per-
lite samples. Obsidian isotope composition corresponds to the expected source of hydrogen in residual magmatic 
water affected by open-system degassing. 

The authors are grateful to the Slovak Research and Development Agency for the support of the project APVV-0339-12 and to TERMIKA, a.d. 
and LBK PERLIT, s.r.o. for help and providing of samples.
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FABRICATION OF 3-LAYER-COMPONENT ORGANO-CLAY HYBRID 
FILMS WITH REVERSE DEPOSITION ORDERS BY A MODIFIED 
LANGMUIR-SCHAEFER TECHNIQUE AND THEIR PYROELECTRIC 
CURRENTS MEASURED BY A NON-CONTACT METHOD

yasushi umEmura*, masanari hirahara
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We have studied organo-clay hybrid films prepared by a modified Langmuir-Schaefer method [1]. In an aqueous 
clay mineral (montmorillonite) dispersion at a low concentration, isolated clay nanosheets with negative charges 
were suspended. When a solution of amphiphilic octadecylammonium chloride (ODAH+Cl-) was spread on an 
air-dispersion interface, the clay nanosheets were adsorbed on the ODAH+ cations at the interface to form a stable 
ultrathin floating film [2]. The floating film was transferred onto a substrate by the Schaefer method (horizontal 
dipping), and then the film was immersed in a [Ru(dpp)3]Cl2 (dpp=4,7-diphenyl-1,10-phenanthroline) solution. 
The Ru(II) complex cations were adsorbed on the film surface because the film surface possessed a cation-ex-
change ability. The layers of ODAH+, clay nanosheets, and [Ru(dpp)3]

2+ were deposited in this order. By repeating 
these procedures, 3-layer-component films were fabricated (OCR films). In a similar way, 3-layer-component films 
in which the layers of [Ru(dpp)3]

2+, clay nanosheets, and ODAH+ were deposited in the reverse order (RCO films) 
were prepared by spreading a [Ru(dpp)3](ClO4)2 solution and immersing the films in a ODAH+Cl- solution. Both 
OCR and RCO films were characterized by surface pressure-molecular area (p-A) curve measurements, IR and 
visible spectroscopies, and XRD method. The OCR and RCO film systems possessed nearly the same properties in 
the densities of ODAH+ and [Ru(dpp)3]

2+ and the tilt angle of the Ru(II) complex cation, while the layer distance 
for the RCO film was a little longer than that for the OCR film and the layered structure for the RCO film was less 
ordered than that for the OCR film. Pyroelectric currents for the films were measured by a non-contact method 
using an 241Am radioactive electrode. When the films were heated, the pyroelectric currents were observed and the 
current directions for the OCR and RCO films were different. This was clear evidence that the layer order in the 
OCR film was reverse to that in the RCO film [3].

[1] Ras R.H.A., Umemura Y., Johnston C.T., Yamagishi A., Schoonheydt R.A. (2007). Ultrathin hybrid films of clay minerals. Phys. Chem. 
Chem. Phys., 918-932.

[2] Shimada T., Yamada H., Umemura Y. (2012). Surface potential sturdies on adsorption processes of clay nanosheets onto a floating molec-
ular film of an amphiphilic alkylammonium cation. J.Phys. Chem., 4484-4491.

[3] Hirahara M., Umemura Y. (2015). Fabrication of three-layer-component organoclay hybrid films with reverse deposition orders by a 
modified Langmuir-Schaefer technique and their pyroelectric currents measured by a noncontact method. Langmuir, 8346-8353.
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PROBLEMS OF CLAY FILLING AT THE KARSTIC LIMESTONE AND 
DAM WATER SEEPAGES
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Carbonate rocks are observed in a wide range because of Turkey’s geological features. An important part of car-
bonate rocks are in the the karstic feature. Water seepages are one of the most important problems for dam engi-
neering. If some cautions are not taken to prevent this, with the increasing volume of seepage, some problems can 
occur in the dam construction and these problems can lead the life, economic and time loss.

The gaps in the karstic limestone rocks are usually filled with clay. A research carried out during drilling shows that 
water pressure tests (WPT) has a very low permeability values. Moreover, due to the compact clays in the karstic 
limestone grouting clays, the grouting studies have not been successful. Therefore, an effective and efficient grout-
ing curtain does not occur. After the construction of the dam with water retention due to washing of clays, water 
leaks occur around the grouting curtain. Washing of the karstic clays increases, the water leaks are also increasing. 
In order not to damage the safety of the dam, it is necessary to empty the reservoir and regrouting has to take place. 
This incident occurs repeatedly, causing economical and time losses.

In this study, the Ataturk and Armağan Dams in Turkey, which have been built on karstic limestone rock bases, and 
the manufacturing of grouting curtain water seepage measurements with changes over time have been investigated.

Ataturk Dam (Southeastern Turkey) was built on Upper Cretaceous karst characteristics of plaquetted-clay lime-
stone on Sayındere formations. Grouting curtain was built about 10 km long, 4 m wide and three rows. Grouting 
curtain created by the surface area of 1.2 km², the world’s largest grouting curtain was built until today. Karstic 
limestone constructed on the foundation of the depth of the grouting curtain dam is 180 m, 250-300 m in some 
places. Ataturk dam water seepage was measured as 10 units between the years 1991-2005. The end of measure-
ments of seepage at Ataturk Dam, the grouting curtain were efficient and effective.

Armağan Dam (Nortwestern Turkey) was built on the Dolapdere Formation which is composed of crystalline met-
amorphic limestone and calcschist. Metamorphic limestone which will be under the dam embankment has been 
fractured and highly karstic. Cracks and other discontinuous layers have been filled with clay. Karstic structures 
are seen in the foundation of the dam, diversion tunnel and the cut-off followed during the excavation. Grouting 
curtain which was done in the Armağan dam is washed by the effect of the reservuar and is powered by doing extra 
groutins. The effectiveness of the dam is observed by doing colour experiments, piezometre and downstream flow 
measurements.

Keywords: water seepage, grouting curtain, Ataturk Dam, Armagan Dam, karstic limestone, clay filling.
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STARCH-CLAY BASED COMPOSITES FOR WATER PURIFICATION BY 
FILTRATION
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Significant concerns have been raised due to increasing pollution of surface and ground waters. In the vast major-
ity of water treatment plants, depth filtration is incorporated through the use of non-compressible filters made of 
granular activated carbon (GAC), but the efficiency of GAC for removal of pathogens is very poor. In addition, the 
removal of small organic polar molecules is not usually satisfactory. Therefore, there is a growing interest in the 
development of composites that improve the performance of GAC or even can be an alternative to its use. The cur-
rent research describes the synthesis, characterization and potential use of clay-polymer composites for their use in 
water purification by filtration. The advantages of these clay-polymer composites are that they can be easily scaled 
for production at industrial levels; and they were formed by inexpensive materials, a clay mineral (bentonite), and 
cationic starches which are widely used as additives in paper-making, textile and cosmetic industry. These starches 
are derivatized by the introduction of the cationic functional moiety 2-hydroxypropyltrimethylammonium. 

The interactions of three polymers with different degree of substitution with the surface of a commercial bentonite 
were examined. Sorption of the polymers and analysis of the surface charge of the complexes formed showed that 
charge neutralization at the external surface was observed at loadings lower than the CEC of this clay. The lower 
values for the point of zero charge than the CEC of the clay can be explained by the high screening of the clay sur-
face by non-charged segments of the polycation after sorption. The loading of polymer on the clay was highest for 
the polymer with the lowest charge density adopting a loop-and-train conformation on the clay surface, whereas a 
planar conformation was elucidated for the other two higher charged polymers.

Several polymer-clay complexes were synthesized and tested for the inactivation and killing of the enteroindicator 
Escherichia coli as a function of the polymer loading and surface charges. The critical parameters affecting the 
bactericidal activity were the surface potential and the concentration of cationic monomers in excess over that 
needed for neutralization of the clay surface. The clay-polymer composite with higher bactericidal activity was 
also tested for the removal of the emerging contaminants diclofenac and sulfamethoxazole. This study showed that 
the introduction of functional moieties that are capable to create a network of H-bonds with the pollutants promot-
ed their sorption in addition to electrostatic interactions.

Filtration experiments showed a better performance of the columns including clay-polymer composites over that 
of GAC for the removal of E. coli, diclofenac and sulfamethoxazole. The performance of filters based on the 
composites under different constructive and operational parameters, such as the flow rate, and concentration of 
bacteria, or pharmaceuticals added, was investigated and modeled. The success in the modeling of these filtration 
processes by using an adsorption-convection model enabled predictions under different operational conditions, 
and economic projections based on the estimated capacity. Since regeneration of the filters was achieved by the use 
of dilute and inexpensive HCl or NaOCl solutions, implication is that the effective capacity of the filters is larger 
than that preliminary determined and consequently the price for successive water treatments will be significantly 
reduced. 

This research was funded by the grant NANOWAT (ref. I-B/2.1/049) within the ENPI-CBC-MED programme of the European Union; and the 
Spanish Ministry of Economy and Competitiveness through the project CTM2013-42306-R supported by the European Regional Development 
Fund (FEDER ).
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UNDERSTANDING WETTABILITY ALTERATION THROUGH 
MOLECULAR DYNAMIC SIMULATIONS: THE PHENOMENON OF LOW-
SALINITY ENHANCED OIL RECOVERY
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This research aims to bring clarity to the fundamental mechanisms of clay-oil-brine interfaces that underpin 
low-salinity enhanced oil recovery (EOR), a technique whereby sea water, partially desalinated, is used to push 
increasing amounts of crude oil from existing, and future, oil reservoirs, boosting the reservoir lifetime and overall 
production [1].

Previous research has examined the complex three-phase (clay-oil-brine) problem using large-scale molecular 
dynamic (MD) simulations [2,3]. Whilst such simulations have successfully elucidated the role of pH and divalent 
cations in a low-salinity water flood, the salinity dependence has remained elusive.

In the present work, we show how the complex three-phase system can be understood on the basis of simpler two-
phase simulations. Using Young’s equation, we decouple the three-phase problem into three separate two-phase 
problems. We show how one can calculate and understand the phenomenon of interfacial tension through MD 
simulations, and we validate a variety of force-fields based upon their accuracy to reproduce experimental surface 
tension values. Further, we calculate contact angles between clay minerals, brines and oils and compare simulated 
trends to recent experimental results [4].

The results presented highlight how we can understand wettability alteration at the molecular level, and ultimately 
presents the role that salinity plays in driving the phenomenon of low-salinity enhanced oil recovery.

[1] Sheng, J.J. (2014). Critical review of low-salinity water flooding. J. Petrol. Sci. Eng. 120, 216-224.
[2] Underwood T., Erastova V., Cubillas P., Greenwell H.C. (2015). Molecular Dynamic Simulations of montmorillonite-organic interactions 

under varying salinity: An insight into enhanced oil recovery. J. Phys. Chem. C. 119.13, 7282-7294.
[3] Underwood T., Erastova V., Greenwell H.C. (2016). Wetting effects and molecular adsorption at hydrated kaolinite clay mineral surfaces. 

J. Phys. Chem. C. 120.21, 11433-11449.
[4] Mugele F., Bera B., Cavalli A., Siretanu I., Maestro A., Duits M., Cohen-Stuart M., van den Ende D., Stocker I., Collins I. (2015). Ion 

adsorption-induced wetting transition in oil-water-mineral systems. Sci. Rep. 5.
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RIGID CLAY FOR REMOVING ORGANIC MOLECULES
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Among the many benefits offered by clays, there is safety for humans and for the environment, that is why these 
materials have been widely used by human since prehistoric times. Based on their properties as adsorbents and ion 
exchangers, the pharmaceutical industry exploits these porous materials not only as active drug carrier but also for 
the removal of organic contaminants [1]. With the increasing number of emerging contaminants, there is a need for 
environmentally-friendly and low-cost sorbent materials. The use of natural clays to capture organic waste from 
the pharmaceutical and biotechnological industries is especially important to avoid soil and water contamination 
with potential impact on human health. According to our knowledge, there are limited reports in the literature 
about palygorskite’s use in the removal of drug wastes. Recently, a significant deposit of natural palygorskite was 
discovered in Cuba, which could be used for several potential applications in different areas.

Ciprofloxacin (Cipro) is a broad-spectrum antibiotic that is widely used because of its high efficiency. In the 
present study, we studied the adsorption of ciprofloxacin (Cipro) onto palygorskite). In a previous study [2], the 
intercalation of this model drug was evaluated on natural and synthetic clays, with promising results. Here, differ-
ent chemical-physical parameters such as pH, initial concentration of ciprofloxacin, contact time and temperature 
were monitored to select the optimal adsorption conditions. Drug adsorbed palygorskite was characterized by 
XRD, IR and TG. The results showed a good incorporation of Cipro into the mineral, which suggests that this clay 
can be effectively used for the removal of pollutants from the pharmaceutical industry.

[1] Lee S. M., Tiwari D. (2012). Organic and inorganic-organic-modified clays in the remediation of aqueous solutions: An overview, Applied 
Clay Science, 84-102.

[2] Rivera A., Valdés L., Jiménez J., Pérez I., Lam A., Altshuler E., de Ménorval L. C., Fossum J. O., Hansen E. L., Rozynek Z. (2016). 
Smectite as ciprofloxacin delivery system: Intercalation and temperature-controlled release properties, Applied Clay Science, 150-156.
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LI-FLUOROHECTORITE AS DRUG DELIVERY SYSTEM: 
INCORPORATION OF SULFAMETHOXAZOLE AND TRIMETHOPRIM
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Montpellier, 34095 Montpellier CEDEX 5, France, (4) Faculty of Physics, Adam Mickiewicz University, Umultowska 85, 
Poznań 61-614, Poland, (5) Group of Complex Systems and Statistical Physics, Physics Faculty, University of Havana, 10400 
Havana, Cuba, (6) Norwegian University of Science and Technology (NTNU), NO-7491Trondheim, Norway

It is well known that conventional release dosage forms provide an immediate release of drugs, without much con-
trol of the release rate. In order to obtain therapeutically effective plasmatic concentrations, and to avoid significant 
fluctuations in the plasmatic drug levels, it is necessary to achieve dosage control. The lack of it can lead to drug 
levels in the organism below of minimum effective concentration (MEC), or above of minimum toxic concentra-
tion (MTC), resulting in undesirable side effects, or in the lack of therapeutic benefits for the patient. Therefore, 
employing materials to control the drugs release, contributes to revert the disadvantages of conventional drugs 
formulations, which turns into the well-being for the patient [1,2].

Clays and clay minerals are commonly used in the pharmaceutical industry like active principles and/or excipients. 
Among the many benefits offered by clays, is its safety for the human health, which makes them materials widely 
used by man since prehistoric times. The desirable physical and physiochemical properties of clay minerals-as 
adsorbents and ion exchangers-have led them to play a substantial role in pharmaceutical formulations [3]. In the 
last years, clays from the smectite family have been used as support material in the preparation of drug slow re-
lease systems. The use of synthetic clay minerals offers the possibility to optimize the work conditions regarding 
incorporation of model drugs, because this way the interference of spurious phases in the interpretation of the 
results is avoided. However, in the literature there are few reports on the use of fluorohectorites as support system 
for pharmaceutical applications [4,5].

Considering the facts above mentioned, in the present work the incorporation of two model drugs, sulfamethoxaz-
ole (SMX) and trimethoprim (TMP), into a Li-Fluorohectorite (LiFh) synthetic clay was evaluated. Understanding 
the interactions established between these two antibiotics, which are complementary from the pharmaceutical 
point of view, and the LiFh, allows us to develop new formulations of drug delivery. The quantification of both 
drugs was followed by UV spectroscopy. The resulting solids of the interaction drugs-clay were characterized by 
X ray diffraction (XRD), infrared spectroscopy (IR) and thermogravimetric analysis (TG). The results indicate that 
the adsorption of both drugs depends on the pH of the clay-drug suspension. It was demonstrated that the TMP 
was really intercalated into the clay, which was corroborated by XRD. However, SMX seem be adsorbed onto the 
clay surface. The IR spectra indicated interactions between clay-drug in the LiFh-TMP composite, via the amine 
groups of the TMP, which was evidenced by a shift in the characteristic bands of this organic molecule. The TG 
analysis allowed corroborating the thermal stability of the composites. The drug release profiles were obtained 
following the pharmaceutical standards, and they suggested the possibility to design formulations of drug delivery 
based on Li-Fh.

[1] Siegel R.A., Rathbone M.J. (2012). Overview of Controlled Release. In: Fundamentals and Applications of Controlled Release Drug 
Delivery, Ch. 2, 19-43.

[2] de Sousa Rodrigues L.A., Figueiras A., Veiga F., de Freitas R.M., Cunha Nunes L.C, da Silva Filho E.C., da Silva Leite C.M. (2013). 
The systems containing clays and clay minerals from modified drug release: A review. Colloids and Surfaces B: Biointerfaces, 642-651.

[3] Aguzzi C., Cerezo P., Viseras C., Caramella C. (2007). Use of clays as drug delivery systems: possibilities and limitations. Applied Clay 
Science, 22-36.

[4] Rivera A., Valdés L., Jiménez J., Pérez I., Lam A., Altshuler E., de Ménorval L.C., Fossum J.O., Hansen E.L., Rozynek Z. (2016). Smec-
tite as ciprofloxacin delivery system: Intercalation and temperature-controlled release properties, Applied Clay Science, 150-156.

[5] Valdés L., Hernández D., de Ménorval L.C., Pérez I., Altshuler E., Fossum J.O., Rivera A. (2016). Incorporation of tramadol drug into 
Li-fluorohectorite clay: A preliminary study of a medical nanofluid, European Physical J. Special Topics, 767-771.
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EMULSIFICATION KINETICS OF MONTMORILLONITE STABILISED 
DROPLETS

William j. Ganley, jeroen s. van duijneveldt*
School of Chemistry, Cantock’s Close, Bristol BS8 1TS, UK

Colloidal particles can be used to stabilise so-called Pickering emulsions. Solid stabilised emulsions are of inter-
est due to the high adsorption energy of micro- or nanoparticles at the oil-water interface (many times kT) which 
results in long term coalescence stability under quiescent conditions. Smectite clay minerals would potentially be 
very effective emulsion stabilisers due to their high surface area. In practice however only a fraction of the clay 
particles are found to be adsorbed at the oil/water interface [1]. 

Here we investigate the emulsification kinetics in detail. Hexadecane-in-water emulsions were stabilised by mont-
morillonite platelets. In this system a large excess of platelets is required to drive droplet sizes down and the di-
ameter was found to fall to a steady state that was dependent on the emulsion composition [2]. Under such harsh 
conditions the kinetic energy of the liquid exceeds the adsorption energy of a particle at the oil-water interface 
suggesting, perhaps counter-intuitively, that desorption of particles during mixing must be considered to correctly 
understand the formation process of these ultimately stable droplets.

A kinetic model based on a competition between droplet break-up and coalescence that is mediated by particle 
adsorption and desorption was able to reproduce experimental trends in droplet diameter. This model was nu-
merically solved using known physical parameters and showed good agreement with experiment. Such a model 
therefore explains the need for an excess of stabilising particles in systems where droplet break-up and stabilisation 
processes are on similar time-scales and can be used to predict the most efficient formulation to minimise droplet 
diameters for given materials and mixing conditions.

[1] Cui Y., Threlfall M., van Duijneveldt J.S. (2011). Optimizing organoclay stabilized Pickering emulsions, J. Colloid Interface Sci. 356: 
665-671.

[2] Ganley W.J., van Duijneveldt J.S. (2016). Steady-state droplet size in montmorillonite stabilised emulsions. Soft Matter 12: 6481-6489.
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Suspensions of montmorillonite particles in water form gels around 3 wt% depending on salt concentration. Ad-
sorption of polyetheramine surfactant to the particle faces is known to reduce the tendency to gel at low salt 
concentrations by neutralising surface charge, reducing electrostatic repulsion between platelets and therefore 
allowing them to come into closer proximity. This reduces the effective volume fraction of the clusters and revers-
es jamming in low ionic strength arrested phases [1,2]. Conversely, the adsorption of pyrophosphate introduces 
a high concentration of negative charge to the particle edge, resisting the formation of bonded percolating gels at 
high ionic strength [2].

Here it is shown that these surface modifications can be applied also to montmorillonite-stabilised oil-in-water 
emulsions, in which the majority of clay particles remains in the continuous water phase [3]. The emulsions were 
modified by the addition of NaCl and Na4P2O7 to the continuous phase at varying concentrations. Remarkably, 
changes of up to 3 orders of magnitude in elastic modulus and yield stress of the emulsions were achieved. The 
droplets retained long-term coalescence stability after the addition of NaCl or Na4P2O7 and even after the removal 
of the continuous phase network. The latter finding shows that the droplets are primarily stabilized by the forma-
tion of a solid barrier at the interface. These emulsions are therefore highly versatile formulation materials with an 
exceptional degree of stability and tunability.

[1] Cui Y., van Duijneveldt J.S. (2010). Adsorption of Polyetheramines on Montmorillonite at High pH, Langmuir 26: 17210-17217.
[2] Ganley W.J., van Duijneveldt J.S. (2015). Controlling Clusters of Colloidal Platelets: Effects of Edge and Face Surface Chemistries on 

the Behavior of Montmorillonite Suspensions, Langmuir 31: 4377-4385.
[3] Ganley W.J., van Duijneveldt J.S. (2017). Controlling the Rheology of Montmorillonite Stabilized Oil-in-Water Emulsions. Langmuir 

(Accepted, DOI: 10.1021/acs.langmuir.6b04161).
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ALTERATION OF OLIVINE IN VOLCANIC ROCKS FROM TRINDADE 
ISLAND, SOUTH ATLANTIC 
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Trindade Island is located in the South Atlantic, 1140 km from the Brazilian coast. The island is part of an exten-
sive underwater volcanic chain of east-west orientation, named Victoria Trindade [1]. Trindade, an emerged island, 
has its genesis in the Cenozoic. It is associated with lava flow and sodium-alkaline intrusions, markedly sub satu-
rated in silica and several pyroclastic rocks [1]. Over this diverse lithological framework, soils developed enriched 
in unusual minerals of tropical regions such as olivine that appears as fresh mineral remnant in the early stage of 
rock weathering. Until now little is known about the genesis and evolution of secondary mineral species and the 
relationship of these with the associated microsystems of alteration. In this paper we report on investigations of 
the weathering of olivine (forsterite) phenocrysts occurring in pyroclastic rocks from Trindade Island using optical 
microscopy, X-ray diffraction (XRD), electron probe microanalysis (EPMA) and scanning electron microscopy 
(SEM). Micromorphological analyses show very fractured phenocrysts of colorless olivines at plane polarized 
with high relief. They are irregular shaped crystals distributed in a dark reddish brown matrix constituted by small 
pyroxenes crystals of high interference color and subhedral magnetites and ilmenites. Pyroxenes are of the augite 
type and the ilmenites appear associated with the crystals of magnetite. The clay fraction of the matrix is composed 
of serpentine, kaolinite, hematite, magnetite and anatase. At crossed polarized light the fractured olivine crystals 
show high interference colors and a reddish brown material on the outer surface and along the inner fractures. This 
reddish brown material extinguishes parallel to the extinction direction of the olivine and appears to invade the 
crystal progressively until, in the most altered samples from the upper part of the soil profile, the original olivine is 
almost totally altered. The olivine was identified as a forsterite type and the reddish brown material in the fractures 
and in the edges has a chemical composition of Si, Fe, Mg, Al, Ca, Na, K, Mn and Ti, with predominant and varia-
ble of Si, Fe and Mg. This chemical composition and optical features are similar to that found in iddigsites [2,3,4] 
which may form through the incipient alteration of olivines due to the oxidation of ferrous iron to ferric iron and 
to the coordination of magnesium with hydroxyl groups.

[1] Almeida F. F. M. (2002). Ilha de Trindade - registro de vulcanismo cenozoico no Atlântico Sul. In: Schobbenhaus C., Campos D.A.; 
Queiroz E.T., Winge M., Berbet-Born M.L. C. (Eds.). Sítios geológicos e paleontológicos do Brasil, 369-377.

[2] Delvigne J., Bisdom E.B.A., Sleeman J., Stoops G. (1979). Olivines, theirs pseudomorphs and secondary products. Pedologie 29, 247-
309.

[3] Smith K.L., Milnes A.R., Eggleton R.A. (1987).Weathering of basalt: formation of iddingsite. Clays and Clay Minerals 35 (6), 418-428.
[4] Eggleton R. A., Foudolis C., Varkevisser D. (1987). Weathering of basalt. Change in rock chemistry and mineralogy. Clays & Clay Min-

erals 35, 161-169.
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CLAY MINERALS ALTERATION IN AN OXISOL UNDER DIFFERENT 
GRAZING REGIMES IN A CROP-LIVESTOCK SYSTEM IN SOUTHERN 
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(1) Soil Department, Federal University of Rio Grande do Sul, Porto Alegre, Brazil, (2) HydrASA, Université de Poitiers, 
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The state of Rio Grande do Sul (RS), in southern Brazil, is an important grain and beef cattle producer. To maintain 
and increase the current production levels, agricultural activities have been intensified. Production systems that al-
ternate grain crops and grazing animals have been investigated. Integrated crop-livestock systems (ICLS) are well 
known and recommended because they optimize land use as both crops and pastures receive the same management 
level and will result in increased benefits to farmers [1]. In addition, the combined use of ICLS with no-tillage (NT) 
soil management may contribute to increase the soil organic matter content [2] and improve soil fertility levels and 
nutrient supplies [3]. Such pedoenvironmental changes will alter the existent natural conditions, producing a new 
dynamics in the soil surface layer, in which considerable alterations may take place.
Studies have been carried out to evaluate the effects of the ICLS onsoil chemical, physical and biological proper-
ties. These studies showed that soils under ICLS were less acidic and accumulated more organic carbon (OC) and 
N than those without pastures (grasses) [2,3]. In addition, it is possible that the pedoenvironment changes caused 
by ICLS can affect soil mineralogy, particularly 2:1 phyllosilicates [4,5]. However, studies directly focusing on 
alterations of the 2:1 clay minerals due to pedoenvironmental changes are scarce and there is no record of the 
effects of ICLS. In ICLS under NT, variable accumulation of plant residues, will occur compared to conventional 
systems of grain production. From that, one can infer that either the cumulative addition of animal manure to the 
soil or the variation in the grazing intensity will affect the 2:1 clay minerals, since they can significantly interfere 
in the dominant soil formation processes the soil surface. The aims of this studywere to evaluate the effects of 
grazing intensities (intensive grazing IG; moderate grazing MG; no grazing NG) on the mineralogy of an Oxisol, 
in an integrated soybean-cattle beef production system of southern Brazil. 
The soil samples were taken from 0-5cm, 5-10cm, 10-20cm, and 20-40cm layers. The samples were air-dried, 
crumbled, and sieved (<2 mm) in order to separate the air-dried fine soil (ADFS) fraction. The clay fraction (<2 
μm) of the 0-5cm and 20-40cm were obtained by sedimentation and separated into three sub-fractions (<0.05 µm; 
0.05-0.1 µm; 0.1-2 µm) following the centrifugation procedures. The mineralogical analyses (XRD) of the clay 
fraction (<2 µm) show predominantly the presence of kaolinite and 2:1 clay minerals which are hydroxy-interlay-
ered minerals (HIMs). The peaks of the 2:1 clay minerals of the IG treatment present better definition than those of 
the NG treatment. Also, the 2:1 clay minerals present expandable layers in the IG treatment. The sub-fractionation 
of the clay fraction <2 µm allowed the visualization and identification of important alterations in the soil clay 
fraction. Thus, under all treatments, the presence of hydroxyl-aluminum interlayered vermiculite (HIV-Al) has 
been highlighted. The peak corresponding to HIV-Al is more defined for IG and MG than for NG, which indicates 
greater aluminization of the interlayer space of the 2:1 clay minerals. The chemical analyses indicated a decrease 
in total organic carbon (TOC) with depth (0 to 40cm) in all treatments. However, this decrease is higher under NG 
because of the absence of livestock; thus there is a higher accumulation of plant-derived organic material. Soil 
pHwater is higher under IG due to the removal of aluminium from the soil solution linked to the higher aluminization 
of the 2:1 clay minerals. Low K values in solution under IG were observed, which are related to the formation 
of HIMs and/or swelling layers with exchangeable K; and under NG where there are no HIMs, high K values in 
solution were observed. Furthermore, it is assumed that the presence of animals induces K higher availability due 
to animal wastes, which may result in a competition between the exchangeable K and Al cations to form HIMs. 

[1] Carvalho, P.C., Anghinoni, I., de Moraes, A., et al., (2010). Managing grazing animals to achieve nutrient cycling and soil improvement 
in no-till integrated systems. Nutrient Cycling in Agroecosystems, 88:259-273.

[2] Assmann, J.M., Anghinoni, I., Martins, A.P., et al., (2014). Soil carbon and nitrogen stocks and fractions in a long-term integrated 
crop-livestock system under no-tillage in southern Brazil. Agriculture, Ecosystems & Environment, 190:52-59.

[3] Martins, A.P., de Andrade Costa, S.E.V., Anghinoni, I., et al., (2014). Soil acidification and basic cation use efficiency in an integrated 
no-till crop-livestock system under different grazing intensities. Agriculture, Ecosystems& Environment, 195:18-28.

[4] Officer, S.J., Tillman, R.W., Palmer, A.S., et al., (2006). Variability of clay mineralogy in two New Zealand steep-land topsoils under 
pasture.Geoderma, 427-440.

[5] Fink, J.R; Inda, A.V.; Almeida, J.A; et al., (2014). Chemical and mineralogical changes in a Brazilian Rhodic Paleudult under different-
land use and managements. Revista Brasileira de Ciência do Solo, 38:1304-1314.
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The study of clay-mineral/dolomite associations within carbonate sequences has important consequences for the 
interpretation of scientific problems related with rock reservoirs, such as alteration of potential porosity and per-
meability. The genetic characteristics of clayey material, whether formed by allogenic or authigenic processes, 
affect the reservoir properties of rocks to a greater or lesser extent. In the case of carbonate reservoirs, the presence 
of clay can significantly affect the porosity and permeability of reservoir rocks. More specifically, when the clay 
minerals are randomly distributed within the carbonate matrix, it becomes difficult to predict the reservoir char-
acteristics. This carbonate and clay mineral associationis commonly found in carbonate formations throughout 
the geological record, e.g., the Cretaceous Codó Formation, NE Brazil, (Bahniuk et al. 2015) and the Tertiary 
lacustrine sequence, JbelRhassoul, Morocco (Chahi et al. 1999). Some studies relatethis association to a diagenetic 
transformation of dolomite, but the formation processesremains a debatable matter.

In order to understand this association in the geological record, we have undertaken acomparative study of labo-
ratory experiments and modern environments where clay minerals have been shown to precipitate together with 
dolomite. Two modern dolomite-forming environments, the Coorong lakes, South Australia and Brejo do Espinho 
Rio de Janeiro, Brazil, were selected for this investigation. In addition, enrichment microbial culture experiments, 
using natural pore water from Brejodo Espinhoas the growth mediumto promote mineral precipitation, were pre-
formed. To establish the environmental parameters and biological processes facilitating the dual mineral associa-
tion, the experimental samples have been compared with the natural mineralsusing HRTEM measurements. The 
results demonstrate that dolomite and clay apparently do not co-precipitate, but the precipitation of the different 
minerals in the same sample has probably occurred under different environmental conditions with variable chem-
istries, e.g., hypersalinity versus normal salinity resulting from the changing ratio of evaporation versus precipita-
tion. Thus, the investigated mineral association is not a product of diagenetic processes. 

[1] Bahniuk, et al. (2015) Development of microbial sequences in the Lower Cretaceous Codó Formation (Northeast Brazil): Implications for 
interpretation of microbialite facies associations and paleo-environmental conditions, Sedimentology, 62, 155-181.

[2] Chahi et al. (1999) Diagenetic transformation of dolomite into stevensite in lacustrine sediments from JbelRhassoul, Morocco. Journal of 
Sedimentary Research, 69, 1123-1135.



Scientific Research Abstracts
Vol. 7, p. 788, 2017
ISSN 2464-9147 (Online)
XVI International Clay Conference | ICC 2017 | Granada, Spain
© Author(s) 2017. CC Attribution 3.0 License

PREPARATION, CHARACTERIZATION AND APPLICATION OF A Pd-
SUPPORTED Ti-Cu-PILLARED CLAY CATALYST FOR ULLMANN 
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Formation of carbon-heteroatom bonds by means of Ullmann type coupling reaction between aryl halides and 
heteroaromatic compounds such as phenols, amines, etc. is very important in organic chemistry. The synthesis and 
characterization of clay supported catalysts and their application in the O, N, and S-arylation through Ullmann 
coupling reaction are presented in this communication. The catalyst consisted on a montmorillonite pillared with 
titanium polycations doped with copper, and then impregnated with a palladium precursor (MTiCuPd500). Usual-
ly, bi- and tri-metallic catalysts are reported to be more active than their monometallic counterpart in many organic 
reactions and clay supported catalysts are economic, reusable and have strong acidity for catalyzing many organic 
reactions. By these reasons, the use of MTiCuPd500 montmorillonite as catalyst in the Ullmann coupling reaction 
has been explored.

For the preparation of the catalyst, Ti-polycation solution was prepared by slow addition, under vigorous stirring, 
of TiCl4 (doped with Cu(NO3)2·3H2O, Cu2+/Ti4+ ratio 10:90) to absolute ethanol, until a homogeneous yellowish 
solution was obtained. This solution was added to a solution of glycerine in distilled water. The new mixture was 
maintained under stirring for 3 hours, and then was dropwise added to a previously prepared montmorillonite 
(Cheto, Arizona, USA) aqueous suspension (Ti/clay ratio 40 mmol/g), aging under magnetic stirring for 18 h. 
Then, the solid was separated by centrifugation, washed by dialysis for 2 days, dried overnight at 70 ºC and finally 
calcined at 500 ºC for 2 h at a heating of 1 ºC/min. This solid was impregnated with palladium (5% Pd), using 
Pd(II) acetate as precursor, dissolving in acetone, and impregnating the solid by the incipient wetness method. 
Then, the solid was dried, and calcined at 500 ºC for 2 hours, leading the final catalyst. 

O-arylation between 4-nitrochlorobenzene and phenol was selected for screening the catalyst. MTiCuPd500 
showed better activity than reported metal oxides catalysts [1]. Various substrates, such as phenol, naphtol, aniline, 
diethylamine, among others, were tested, finding that both the electron donating and electron withdrawing groups 
on phenol afforded good yield. Arylation involving oxygen gave better yield as compared to nitrogen and sulphur 
atoms. The catalyst was found to be effective and cheap as compared to other metal oxides catalysts, giving satis-
factory yield. The catalyst was active over three cycles without appreciable loss in activity. 

Acknowledgments: MINECO and ERDF (MAT2013-47811-C2-R and MAT2016-78863-C2-R).

[1] Agawane S.M., Nagarkar J.M. (2011). Nano ceria catalysed Ullmann type coupling reactions. Tetrahedron Lett., 52, 5220-5223.
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The deep geological formation investigated for high-level nuclear waste repository in France is a Callovo-Oxford-
ian claystone (COx) comprising in weight percentage: 40% of clay minerals, 30% of carbonates, 25% of silicates 
and 5% of accessories minerals (including 3% of pyrite). The oxidation of claystone during the drilling of the gal-
leries and the disposal cells is firstly controlled by the oxidation of pyrite, which releases Fe2+ and sulphuric acid 
in the interstitial water. As a consequence, the decrease of pH leads to the dissolution of the carbonate minerals 
fraction of the claystone, sulphate formation in solution and CO2 release into the atmosphere of the repository. In 
disposal cell, which is not ventilated, CO2 may be trapped and redissolved into the water when the claystone rehy-
drates, at the closing of the repository after the operating stage. This will induce transitory acidic conditions which 
increase the corrosion rate of the carbon steel components of the disposal cell. The use of a cementitious-ben-
tonitic-material is provided to buffer the acid transient in the claystone. It will be injected between the oxidised 
COx and the carbon steel lining. In order to optimize the neutralization potential of this material and especially 
its composition, it is therefore essential to understand the mechanisms of the claystone oxidation and quantify the 
oxygen consumption, the CO2 production and the mineral transformations.

Oxidation of pyrite has already been described in literature, where an oxidation rate was determined by sulphates 
concentration measurements [1] or by modelling [2]. Here, we propose an experimental approach of controlled 
oxidation. Three experiments were performed: the first one with pure pyrite, the second one with calcite and pyrite 
in the same proportion as in claystone, and the third one with a natural claystone sample preserved of atmosphere. 
Each of those preparations was crushed and put in a stainless steel autoclave linked to a micro gas-chromatograph 
system (micro-GC) allowing continuous in situ O2 and CO2 analysis. A starting oxygen pressure, higher than the 
one beforehand calculated to oxidize all the pyrite content, and 2 relatives humidity close to the ones observed in 
disposal cells were added into the reactor. 

When the oxygen concentration is stabilized, the pyrite content exposed to the atmosphere is assumed to be oxi-
dised. On the basis of the O2 and CO2 pressure measurements and the examination of the solid samples at the end 
of the experiment, it can be possible to calculate the molar fraction of iron sulphates and hydroxides produced, and 
the oxidation rate of pyrites as a function of relative humidity. The amount of O2 consumed and CO2 released en-
able a better control of parameters for further experiments with claystone samples. The data acquires during those 
oxidation experiments will be used into geochemical codes which model the behaviour of claystone [3] between 
the phase of drilling and the injection of the bentonitic-cement mixture. The results of those experiments enable 
a better understanding of claystone oxidation products and the quantification of the acidic front which has to be 
neutralised by the alkaline material.

[1] Nicholson R., Gillham R., Reardon E. (1988). Pyrite oxidation in carbonate-buffered solution: 1. Experimental kinetics. Geochimica and 
Cosmochimica Acta, 52, 1077-1085.

[2] Appelo C., Verweij E., Schäfer H. (1998). A hydrogeochemical transport model for an oxidation experiment with pyrite/ calcite/ exchang-
ers/organic matter containing sand. Applied Geochemistry, 13, 257-268.

[3] Wilson J., Benbow S., Savage D., Michau N., Necib-Ammour S. (2015). Modelling in-situexperiments of water-iron-claystone inter-
actions and up-scaling to an HLW cell. Clays in natural and engineered barriers for radioactive waste confinement, 6th international 
conference.
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APPLICATION OF A SMECTITE-ILLITE FROM THE NORTH OF 
MOROCCO FOR THE TREATMENT OF POLLUTED WATER
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Clay materials play an important role in the treatment of wastewaters released by many different human activities. 
Many examples are directly related to domestic uses or agriculture, but the most problematic sources of pollution 
have to be with industrial processes as those involving construction and textile materials, drugs, mining, etc. The 
presence of both organic and inorganic toxic compounds represents a real danger to life and the environment. The 
elimination of these pollutants is often made through physical-chemical and biological treatments. Recently, the 
clay materials modified or not, have been proposed for the pollutant removal from aqueous solutions by means of 
adsorption [1-3].

The objective of our work is to study the potential use in this context of an interstratified smectite-illite which was 
collected from the north region of Morocco (Bab Berrad, Chefchaoun). This material was characterized by Fourier 
transform infrared spectroscopy, thermogravimetric analysis, scanning electron microscopy with EDS surface 
chemical analysis, X-Ray fluorescence, X-Ray diffraction and nitrogen physisorption. The adsorptive behavior 
of the clay mineral was tested by the adsorption of methylene blue taken as a model of cationic organic dyes [4]. 
We examined the influence of several parameters such as the contact time, pH, pHpzc, initial concentration of 
methylene blue and temperature. The adsorption equilibrium of methylene blue was analyzed based on Langmuir 
and Freundlich isotherm models. The maximum retention capacity obtained from the best fitting model (Langmuir 
isotherm) was about 93 and 100 mg/g at 25 and 45 ºC, respectively.

On the other hand, we also present in this work, preliminary results on the adsorption of heavy metals such as 
copper, lead and cadmium at the ppm and ppb levels. Besides studies performed under conventional experimental 
conditions using powdered samples, we took advantage of our previous experience in the manufacture of struc-
tured filters [5,6], using clay honeycomb-shaped monoliths obtained by extrusion. This kind of experiments allows 
approaching more realistic designs for the treatment of large volume of polluted effluents.

Acknowledgments: projects MINECO-FEDER MAT-2013-40823-R and MAT-2013-42934-R, Junta de Andalucía (groups FQM-110 and 
FQM-249) and SC-ICYT of Cadiz University.
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HONEYCOMB MONOLITHIC DESIGN: RAISING THE POTENTIAL OF 
CLAYS FOR CO2 CAPTURE
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Although CO2 capture by clays has attracted increasing attention recently [1], their use in the form of honeycomb 
monoliths for this application, compared to other environmental uses, is still surprisingly missing [2]. However, if 
high volumes of gaseous effluents containing CO2 had to be treated, such design would be necessary to ensure low 
pressure drop [3]. Moreover, honeycomb monolithic filters, being unitary structures, would facilitate both handling 
and replacement upon saturation. In this sense, many natural clays have ideal plastic properties to obtain pastes 
that can be extruded as honeycombs even without additives [4]. In fact, in previous studies we easily extruded hon-
eycomb-shaped monoliths from natural clays for VOCs adsorption [5,6], methylene blue removal from aqueous 
streams [7] or biofuel combustion [8].

In this work clay honeycomb monoliths were manufactured from a kerolitic montmorillonite [9] and used for CO2 
adsorption, their performance being compared to that of the clay in the form of powder. Volumetric adsorption 
isotherms, thermogravimetric studies, TPD experiments and transient kinetic analysis, the two latter followed by 
mass spectrometry, were employed to investigate the interaction of the samples with CO2, both under static and 
dynamic conditions.

This research showed that in general the honeycomb monoliths kept the adsorptive properties of the starting mate-
rial exhibiting capture capacity (around 15 mg/g), Henry constant, heat of adsorption and activation energy values 
similar to those reported for other adsorbents in literature. Also remarkable most of retained CO2 was weekly ad-
sorbed, the temperature needed for its release being 130 ºC, an appropriate value which is sufficiently high to avoid 
undesirable desorption while low enough to minimize the costs derived from controlled regeneration if further CO2 
reutilization is wanted [12]. Furthermore, the kinetics of the CO2 uptake over the monolith (though of second order 
like in the powder) was slightly different, allowing a wider operative window for a highly efficient CO2 removal. 
All these results suggest the potential of the honeycomb monolithic design for an even more competitive use of 
clays as low cost CO2 adsorbents.

Acknowledgments: project MINECO/FEDER MAT2013-42934-R and Junta de Andalucía (FQM-110 group). 
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CRSYTAL-CHEMICAL TRANSFORMATIONS AND IRON REDUCTION IN 
CLAY MINERALS OF TWO BRAZILIAN MANGROVE SOILS
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Mangroves are important coastal ecosystems influenced by complex dynamics driven by redoximorphic features, 
tidal variation and constant deposition of continental and shelf sediments [1]. The formation of clay minerals in 
mangrove soils is an important key to understand pedogenic and biogeochemical processes in these environments 
[1,2]. Mangrove clay assemblages are usually composed by different minerals with high levels of octahedral Fe+2, 
which indicates that microbial reduction may be involved in clay reactions [2,3]. To investigate the chemical 
transformations in clays and the role of Fe reduction in octahedral sites, samples from two Brazilian mangroves of 
different environmental settings were selected: the first in a humid tropical climate in the Amazonian coast (city of 
Bragança, Pará State), with predominance of kaolinite and pedogenic oxides as deposited minerals; and the second 
in the semiarid coast of northeastern Brazil (city of Acaraú, Ceará State), where 2:1 clays are sedimented in the 
mangroves together with kaolinite and Fe oxides. Samples of 2-0.2 μm and < 0.2 μm size fractions were studied 
using modeling of XRD patterns from oriented mounts (program ClaySIM®), TEM-EDS, X-ray fluorescence 
spectroscopy (XRF) and Mössbauer spectroscopy.

There is a complex mixture of end-member clay minerals and R0 mixed-layered phases in the two size fractions 
from the two mangroves. The phases are kaolinite-smectite (K-S) with a range of smectite layers (1%, 15-25%, 
50% and 80% of S layers), illite-smectite (I-S, 10 to 90% of illite layers), Fe-rich illite and Al-rich illite. The best 
XRD-pattern fit indicated that most kaolinite, smectite and illite layers had high octahedral Fe contents. The 2-0.2 
μm size fraction contained more kaolinite-rich K-S and Fe-rich illite minerals, with higher structural order, than the 
< 0.2 μm fraction, which had more smectite-rich K-S and I-S phases, and less Fe-rich illite. In the Acaraú samples, 
the Fe-illite content was higher than in Bragança samples. The chemical composition of individual crystals (TEM-
EDS) confirmed the high Fe2O3 contents in illitic (~20% wt), smectitic (7-12% wt) and even in kaolinitic crystals 
(1-4% wt). Fe2+/TotFe proportions, from the combination of XRF and Mössbauer spectroscopy data, is higher in 
samples of the 2-0.2 μm size fraction (10-16%) than in the < 0.2 μm size fraction (2-3%).

We interpret these results as a sequence of chemical transformations triggered by highly cation-saturated inter-
stitial water. The deposited kaolinite is progressively transformed into smectite via K-S. This step includes the 
formation of a new tetrahedral sheet, gradual substitution of cations in tetrahedral (Al for Si) and octahedral sites 
(Fe+Mg for Al), and intercalation of cations (mainly K and Na) in the interlayer. These chemical modifications 
lead to an increase in layer charge, producing Fe-rich smectite layers. The second step is the illitization of smectite 
layers, which includes further Fe substitution for Al and and Fe reduction [3,4]. This is concluded because both 
total Fe and Fe2+/TotFe proportion in the 2-0.2 μm size fraction correlated very well with Fe-illite contents from 
XRD. Of the two mangroves, the Acaraú samples have higher Fe-illite content because contitental 2:1 clays are 
deposited in the mangrove and they are transformed more quickly into Fe-illite than kaolinite. We conclude that 
Fe sequestration and reduction during illitization are important biogeochemical processes operating in mangrove 
soils, in addition to the usually reported Fe reduction/oxidation involving Fe oxides and sulfide [4].

[1] Ferreira T.O., Otero X..L., Vidal-Torrado P., Macías F. (2007) Are mangrove forest substrates sediments or soils? A case study in south-
eastern Brazil. Catena,70:79-91.
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of kaolinite into smectite and Fe-illite in Brazilian mangrove soils. Soil Science Society of America Journal, 78:655-672.

[3] Cuadros J., Andrade G., Ferreira T.O., Partiti, C.S.M., Cohen R., Vidal-Torrado (2016). The mangrove reactor: Fast clay transformation 
and potassium sink. Applied Clay Science, 140:50-58.
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Vermiculite is a hydrous mica-like phyllosilicate mineral. It is formed under natural conditions by hydrothermal or 
weathering alteration of biotite or phlogopite. It can be expanded to up 30 times its original volume when quickly 
heated between 650 °C and 950 °C, resulting in a low density product (called expanded vermiculite) that exhibits 
properties such as low thermal conductivity, low bulk density, chemical inertness and relatively high melting point 
[1-2]. Due to these peculiar properties, it is used in the civil construction sector in compositions of lightweight 
concretes as aggregates [3-4]. In the production of expanded vermiculite a by-product is generated, called, in this 
work, vermiculite residue (VR), a fine powder (<150 micron) which up to the moment does not have a suitable ap-
plication, being disposed in dumps, resulting in a potential environmental problem. In order to find an application 
for this residue, this work evaluated its association with Portland cement in mortar, using VR both as received and 
after an additional calcination at 800 °C (cVR). Mortars were formulated with standardized sand, Portland cement 
and vermiculite (VR and cVR) as supplementary cementitious materials (SCM). The vermiculite content in the 
evaluation procedures varied from 5% to 20% in weight basis, in substitution to the Portland cement. In one previ-
ous work, it is reported that the use of this material affects the rheological properties of a cement composition [5]. 
In this work the water content was kept constant, independently of changes on the workability. This strategy was 
adopted to evaluate only the impact of vermiculite content on the properties of the hardening state. After moulding, 
proof samples were cured for 28 days at 25 °C and 98% relative humidity. Archimedes immersion method, tensile 
strength, dynamic elastic modulus and air-permeability by vacuum decay were used to evaluate the properties. 
The results show that there is a great possibility to find a large-scale application to this residue: there are no losses 
on the hardened properties up to 10% substitution of binder, meaning that the mechanical strength, elasticity and 
air-permeability of the samples with no vermiculite addition and with either 10% VR and cVR additions were sta-
tistically equivalent (Anova and t-test). This work was a first step to find a valuable application to this vermiculite 
residue although it is not yet possible to say that VR and cVR can be used in cementitious compositions, because 
is still necessary to evaluate durability aspects.

[1] Rashad A.M. (2016). Vermiculite as a construction material - A short guide for Civil Engineer. Construction and Building Materials 125, 
53-62.
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Widespread occurrence of tri-octahedral phyllosilicates (mainly Fe/Mg smectites) have been observed by remote 
sensing instruments (i.e. CRISM, OMEGA) on Noachian terrains (oldest Martian epoch, earlier than about 3.9 Ga) 
[1,2]. Their discovery was an exciting observation because it could imply an environment with a circum-neutral 
pH water activity where a prebiotic chemistry could have been developed. Therefore, a particular interest has been 
devoted by using geochemical simulations and laboratory experiments to the study of Fe/Mg smectites formation 
in order to characterize the early Martian environmental conditions [3,4]. In addition to the widespread occurrence 
of tri-octahedral phyllosilicates, di-octahedral phyllosilicates (kaolin and/or Al-smectite) stratigraphically above 
tri-octahedral phyllosilicates [5] are observed and could be linked to acidic environmental conditions [3]. Recently, 
widespread occurrence of carbonates during the early Noachian has been observed in association with the tri-octa-
hedral phyllosilicates [6]. The presence of carbonates could be linked to a CO2-rich atmosphere, which allows the 
presence of liquid water due to potential greenhouse effect. The aim of our work was to investigate the formation 
of mineralogical assemblages found on the Martian surfaces as a function of variable parameters (atmosphere 
composition, pH of the aqueous solution) in order to better constrain and understand the environmental conditions 
during the Noachian epoch of Mars. 

To this purpose, hydrothermal experiments were performed in order to point out the general trend leading to the 
formation/limitation of the specific mineralogical assemblages observed on the Martian surfaces. The hydrother-
mal experiments were performed on basaltic volcanic glass of tholeiitic composition. Batch reactors and open 
systems were used with variable atmosphere compositions, water/rock ratio and/or initial acidity for duration of 3 
weeks. The characterization of the minerals formed during the reaction were analysed by X-ray diffraction meas-
urement and infra-red spectroscopy.

The variations in the resulting alteration products obtained show the strong influence of the environmental condi-
tions (initial pH, atmosphere composition) on the formation of reacted products. The decrease of acidity leads to 
an increase of the relative proportion of di-octahedral phyllosilicates (such as kaolinite-rich mixed-layer minerals) 
compare to the tri-octahedral one (such as smectite-chlorite mixed-layer minerals). The formations of various 
types of carbonates (Calcite or Ca-Mg-Fe solid solution) with di/tri phyllosilicates are strongly dependent of the 
initial geochemical conditions (such as CO2 content). The mineralogical assemblages obtained during these exper-
iments are similar to the Martian ones, and thus give general trends to better evaluate the environmental conditions 
for the epoch and location at which these mineralogical assemblages are observed.

[1] Bibring J.-P., Langevin Y., Mustard J.F. et al. (2006). Global mineralogical and aqueous mars history derived from OMEGA/Mars Express 
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MICROSTRUCTURAL CHANGES IN BENTONITE AFTER 18 YEARS IN 
BARRIER CONDITIONS
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The aim of the FEBEX project (Full-scale Engineered Barriers Experiment) was to study the behaviour of compo-
nents in the near-field of a nuclear waste repository in crystalline rock. As part of this project an “in situ” test, under 
natural conditions and at full scale, was performed at the underground laboratory in Grimsel (GTS, Switzerland). 
A gallery of 2.3 m in diameter was excavated through the granite and two heaters, simulating the thermal effect of 
the wastes, were placed inside, surrounded by a barrier of highly-compacted bentonite blocks. The external surface 
temperature of the heaters was 100 °C and the bentonite barrier was slowly hydrated by the granitic groundwater. 
The bentonite used to construct the engineered barrier was the FEBEX, extracted from the Cortijo de Archidona 
deposit in SE Spain [1].

In 2015, after 18 years operation, the FEBEX Dismantling Project (FEBEX-DP) undertook the dismantling of the 
experiment, and numerous bentonite samples were taken from different vertical sections along the barrier and sent 
to CIEMAT’s facilities [2]. These samples were tested to characterize their physical state (dry density, water con-
tent) and microstructure. The latter was investigated by determining the pore size distribution by mercury intrusion 
porosimetry and measuring the basal spacing by X-ray diffraction (XRD) [3].

Because of the water inflow from the host rock, the water content of the bentonite increased from the inner part of 
the barrier towards the granite, whereas the dry density decreased.

Basal spacing

Under hygroscopic water content, which was the condition of the bentonite used to manufacture the blocks of the 
barrier, the basal spacing of the FEBEX bentonite is about 1.48 nm. The basal spacings measured in the blocks 
retrieved after 18 years of testing were above the initial one and corresponded mostly to a completely developed 
2-layer hydrate, except for those samples that were taken at less than 20 cm from the heater. These samples had 
water contents below 25%. Above this water content the basal spacing tended to increase with water content, i.e. 
towards the granite. A few samples had basal spacings close to those corresponding to the 3-layer hydrate. The val-
ues obtained for the FEBEX-DP samples for water contents below 27% were similar to those measured in samples 
of the reference FEBEX bentonite of the same water content saturated with deionised water. It can be concluded 
that the water retention capacity of the bentonite did not change during the 18-year operation.

Pore size distribution

Two pore families appeared systematically in all the samples, one in the size range of macropores and another 
one in the size range of mesopores. This is the usual pore size distribution pattern obtained by MIP in compact-
ed FEBEX bentonite, irrespective of the water content or dry density. The percentage of pores non-intruded by 
mercury (mostly because they were smaller than 7 nm, the porosimeter lower limit) was on average of 53%. 
Additionally, more than 70% of the pores of all the samples had a diameter smaller than 50 nm after operation. In 
fact, the proportion of pores smaller than 50 nm increased with respect to that in the reference sample (which was 
61%), while the proportion of pores larger than 50 nm decreased (from 39% to an average of 30% in the samples 
retrieved). This would point to the homogenisation of the pore sizes towards the smaller ones. The difference be-
tween the percentage of pores larger and smaller than 50 nm increased from the granite towards the internal part 
of the barrier, although the maximum difference between the proportions of the two pore sizes was mostly found 
in the middle part of the barrier, particularly in those barrier sections around the heater.

[1] ENRESA (2006). FEBEX Full-scale Engineered Barriers Experiment, Updated Final Report 1994-2004. Publicación Técnica ENRESA 
05-0/2006, Madrid, 590 pp.

[2] AITEMIN (2016). FEBEX-DP Dismantling of the heater 2 at the FEBEX “in situ” test. NAB16-011. 92 pp.
[3] Villar, M.V., Iglesias, R.J., Gutiérrez-Alvarez, C., Carbonell, B., Campos, R., Campos, G., Martín, P.L., Castro, B. (2017). FEBEX-DP: 

Thermo-hydro-mechanical postmortem analysis of bentonite performed at CIEMAT. Technical report CIEMAT/DMA/2G216/2/16.
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HYDRAULIC AND MECHANICAL PROPERTIES OF COMPACTED 
BENTONITE AFTER 18 YEARS IN BARRIER CONDITIONS
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pEdro Luis martín

Centro de Investigaciones Energéticas, Medioambientales y Tecnológicas (CIEMAT), Madrid, Spain

The aim of the FEBEX project (Full-scale Engineered Barriers Experiment) was to study the behaviour of compo-
nents in the near-field of a nuclear waste repository in crystalline rock. As part of this project an “in situ” test, under 
natural conditions and at full scale, was performed at the underground laboratory in Grimsel (GTS, Switzerland). 
A gallery of 2.3 m in diameter was excavated through the granite and two heaters, simulating the thermal effect of 
the wastes, were placed inside, surrounded by a barrier of highly-compacted bentonite blocks. The external surface 
temperature of the heaters was 100 °C and the bentonite barrier was slowly hydrated by the granitic groundwater. 
The bentonite used to construct the engineered barrier was the FEBEX, extracted from the Cortijo de Archidona 
deposit in SE Spain [1].

In 2015, after 18 years operation, the FEBEX Dismantling Project (FEBEX-DP) undertook the dismantling of the 
experiment, and numerous bentonite samples were taken and sent to CIEMAT’s facilities [2]. These samples were 
tested to characterize their physical state (dry density, water content) and determine, among others, their hydraulic 
and mechanical properties, such as permeability and swelling capacity. Over the last 20 years an extensive data-
base on the variation of these properties with different parameters (dry density, water content, temperature, salin-
ity) was obtained [1]. This has allowed to assess if the operation under repository conditions implied irreversible 
changes on the main properties of bentonite [3].

Hydraulic conductivity

The hydraulic conductivity was measured in samples drilled from blocks in the laboratory after they were saturated 
with deionised water. Basically, the hydraulic conductivity is mainly related to dry density and the latter in turn 
should be related to the position of the block in the barrier. Since the dry density of the bentonite increased towards 
the heater, the hydraulic conductivity tended to decrease towards it. Overall the values measured in the samples 
retrieved were in the order of 10-14 m/s and were lower than those corresponding to the reference bentonite.

Gas permeability

The gas permeability was measured in core samples drilled onsite during dismantling and preserved to keep the de-
gree of saturation they had when the blocks were dismantled. Most of the samples had high degrees of saturation, 
and consequently gas pressures higher than 0.2 MPa had to be applied to get the gas flowing through the samples.

The results show that the increase in confining pressure caused a slight reduction in gas permeability. Dry density 
and water content had the main effect on permeability, which decreased with the decrease in accessible void ratio. 
The permeability of the samples retrieved from the GTS was lower than that obtained in samples of the reference 
bentonite with the same accessible void ratio tested under the same confining pressure. The reason could be the 
modification of the pore size distribution towards smaller pore sizes during operation [3].

Swelling under load tests

The swelling under load tests determine the strain capacity of the soil when it saturates under a fixed axial pressure. 
The samples for these tests were drilled from blocks in the laboratory and saturated with deionised water in the 
oedometer under a vertical load of 0.5 MPa. As expected, the results showed that the swelling capacity increases 
with initial dry density and decreases with initial water content. For this reason the final strain of the samples clos-
er to the heater was higher. However, the swelling measured was in general slightly lower than that expected for 
samples of the reference bentonite of the same initial characteristics (-10% vs. -12%).

[1] ENRESA (2006). FEBEX Full-scale Engineered Barriers Experiment, Updated Final Report 1994-2004. Publicación Técnica ENRESA 
05-0/2006, Madrid, 590 pp.

[2] AITEMIN (2016). FEBEX-DP Dismantling of the heater 2 at the FEBEX “in situ” test. NAB16-011. 92 pp.
[3] Villar, M.V., Iglesias, R.J., Gutiérrez-Alvarez, C., Carbonell, B., Campos, R., Campos, G., Martín, P.L., Castro, B. (2017). FEBEX-DP: 

Thermo-hydro-mechanical postmortem analysis of bentonite performed at CIEMAT. Technical report CIEMAT/DMA/2G216/2/16.
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CLAY MINERAL AS NANOCARRIERS FOR DRUG DELIVERY
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Over 300 articles have cited the review of 2007 “Use of clays as drug delivery systems: Possibilities and limita-
tions” [1]. A decade later, there are many advances in this field that continue to be a hot topic among clay scientists 
around the world. The greatest challenge continues to be the development of clay-based materials and systems 
capable of effectively controlling the release of the drugs once administered, optimizing their biopharmaceutical 
profile, as well as improving stability [2]. Moreover, therapy often requires the concomitant administration of 
several drugs, and interactions between them, before and once administered, may compromise the efficacy of the 
treatment. In all these cases, the use of clay based nanocarriers appears as an interesting strategy in the design 
of improved pharmaceutical dosage forms capable of overcoming technological and clinical challenges. I would 
like to acknowledge all the authors and groups behind the developments on this topic and I am confident that the 
present contribution will provide a useful reference on state-of-the-art research in this exciting area of clay mineral 
applications.

Acknowledgements: this study is supported by the Andalusian Project RNM-1897 and group CTS-946.

[1] Aguzzi C., Cerezo P., Viseras C., Caramella C. (2007). Use of clays as drug delivery systems: Possibilities and limitations. Applied Clay 
Science 36(1-3), 22-36.

[2] Viseras C., Cerezo P., Sánchez R., Salcedo I., Aguzzi C. (2010). Current challenges in clay minerals for drug delivery. Applied Clay 
Science 48(3), 291-295.
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GEOPOLYMERS FOR INORGANIC BINDER IN 3D PRINTING 
APPLICATION IN CONSTRUCTION
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Digital fabrication and more specifically, 3D printing allows the production of very complex shapes with no 
extra cost for complexity and customization. This mass customization revolution opens new possibilities for the 
construction industry [1]. For instance, structural elements can be designed with the exact amount of materials 
positioned in the right place. Recently 3D printing has been used to produce a formwork for high performance fibre 
reinforced concrete [2] which would reduce the environmental impact of the structure by one third. However, this 
large scale binder-jet technology with organic binders (phenolic and furanicresins) causes serious problems for the 
indoor environmental quality of buildings through the release of volatile organic compounds when they are used 
as building structure.

In this study, we replaced the organic binder in the binder jetting technology by geopolymer, which has no volatile 
components and therefore does not affect the indoor air quality. An additional advantage of this mineral binder 
compared to conventional cementitious material is the recycling of the unused powder at the end of the printing.

To 3D print geopolymer, different approaches exist where the matrix and the activator are in different states. In the 
liquid/solid option the alkali source is injected in liquid state and the aluminate powder is mixed in the sand bed. 
The solid/solid method describes an option where only water is printed on the sand bed mixed with both compo-
nents in solid state. Finally a liquid/liquid option is feasible where all components are injected in the liquid state. 

To do so, the viscosity of the liquid phase was measured by rheology in order to fit the viscosity range required by 
the print head of the 3D printing system. Furthermore, we carried out oscillatory measurements to determine the 
setting time and identify the optimal composition. The final strength of geopolymer-sand compounds was meas-
ured using a vicat apparatus.

To optimise the process, we studied the relation between viscosity of the liquid and porosity of the support in order 
to be able to develop a mix where the liquid drop flow through the sand layers will be counter balanced with the 
setting time of the geopolymer. 

First results show that the liquid/solid option is an ideal solution as it allows a fine control of the initial porosity 
of the sand bed and perfect recycling possibilities after the printing. Furthermore, this new mineral binding op-
tion in 3D printing opens a potentially low cost and low environmental way of producing prefabricated concrete 
structures.

[1] Agustí-Juan I., Habert G. (2016). Environmentaldesignguidelinesfor Digital Fabrication.Journal of CleanerProduction, 142, 2780-2791.
[2] Wangler T., Lloret E., Reiter L., Hack N., Gramazio F., Kohler M., Bernhard M., Dillenburger B., Buchli J., Roussel N., Flatt R. (2016). 

Digital Concrete: opportunities and challenges. RILEM technical letters, 1, 67-75.
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FAULT DATING OF AUTHIGENIC CLAYS - HISTORY AND STATUS
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Fault dating has become a useful tool for regional tectonics studies and for probing fault and earthquake process-
es. Fault dating methods achieved a solid scientific foundation almost 25 years ago when the development and 
application of Illite Age Analysis (IAA) [1] for interrogating sedimentary burial and thermal histories found a 
new potential application - defining the age of fold-and-thrust development. IAA is based on a kinetic model of 
smectite-illite reaction and thus reflects the integration of processes that drive the reaction; burial diagenesis tem-
perature and fluid chemistry (K-concentration) are considered the two most important parameters [2].

IAA was adapted in 1991 at Exxon to address a technical business problem - could the method help identify traps 
in the Canadian Rockies formed after gas generation had ceased and where conventional geologic methods of 
defining deformation timing (i.e. stratigraphic constraints) are unavailable. Early on we documented three obser-
vations that encouraged us that fault ages might be reasonable [3]:

1. Smectite-illite reaction progress in fault gouge is advanced beyond undeformed shales
2. The distribution of K/Ar ages measured on multiple size fractions differed from undeformed shales
3. Measured K/Ar ages are younger than depositional ages

On the basis of these early positive results, we undertook more extensive tests of precision and accuracy by evalu-
ating ages across a series of faults (imbricate stack), within the context of available stratigraphic and independent 
geologic constraints, and replicate analysis of 2-3 samples from individual outcrops. The results of these tests 
provided further support for the significance of the ages.

At the same time, we pursued investigations to reveal what geologic processes might be responsible for these 
ages. We often found in fault gouge samples fibrous illite morphologies that are more common in sandstones than 
shales, and we evaluated interpretations based on the existing burial diagenesis kinetic model of the smectite-illite 
reaction [2,3]. Throughout this exercise we became suspicious that whatever processes were occurring, they were 
similarly effective at dissolving and re-precipitating 1Md illite. At this point, however, the business imperative for 
further scientific investigation diminished, and further research ceased.

Since that time others have picked up, refined, and applied this method in tectonics and fault process studies. The 
two most notable modifications to the procedures we used include the incorporation of 40Ar/39Ar methods [4] 
and the interpretation of illite-rich samples using quantitative models of illite polytypes. Although progress on un-
derstanding microscopic processes is difficult, developments in earthquake seismology (e.g., recognition of a wide 
spectrum of earthquake behaviour) and recognition of fault-derived clay morphologies, like clay nano-particles 
and other fabrics, suggests that a significant advancement in understanding is possible.

[1] Pevear, D. (1999). Illite and hydrocarbon exploration. Proceedings of the National Academy of Sciences 96.7, 3440-3446.
[2] Huang, W.-L., Longo, J.R., Pevear, D.R. (1993). An experimentally derived kinetic model for smectite-to-illite conversion and its use as 

a geothermometer. Clays and Clay Minerals, 162-177.
[3] Vrolijk, P., van der Pluijm, B.A. (1999). Clay gouge. Journal of Structural Geology, 21(8), 1039-1048.
[4] van der Pluijm, B.A., Vrolijk, P.J., Pevear, D.R., Hall, C.M., & Solum, J. (2006). Fault dating in the Canadian Rocky Mountains: Evidence 

for late Cretaceous and early Eocene orogenic pulses. Geology, 34(10), 837-840.
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GEOPOLYMERISATION OF AN ILLITIC MUD FROM GRAVEL WASHING
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Geology Department, Trier University, Trier, Germany

Gravel Wash Mud is widely available and considered suitable for geopolymer synthesis due to a high Si and Al 
concentration. To analyze a Gravel Wash Mud from aggregate mining as a potential geopolymer binder, it was first 
thermally activated to form a metaclay (at temperatures 550 - 950 °C) and second chemically activated by mixing 
with NaOH (1.5 M; 4.5 M; 8 M; 10 M and 14 M). The resulting geopolymer cement was then characterized by 
X-ray diffraction, scanning electron microscopy and compressive strength testing, in order to determine the reac-
tivity of the illitic mud, the mineralogy and microstructure as well as the strength of the geopolymers. Grinding of 
the material increased the reactive surface areas of the metaclay significantly, and by this ground particles activa-
tion with NaOH lead to higher strength geopolymers than for ungrounded material. Furthermore NaOH activation 
was best at a temperature of 50 °C and 28 days curing time. Geopolymerisation seemed to have formed Phillipsite 
crystals and amorphous material and resulted in a geopolymer cement with relative high compressive strength 
(highest result 16 N/mm²). The research has shown that Gravel Wash Mud is suitable for geopolymer formation 
and using Gravel Wash Mud as a geopolymer binder will benefit the environment because it is recycling of a waste 
material from aggregate mining. It will further significantly reduce the CO2 emissions because gravel wash mud is 
free of CO2 and the calcination temperature is lower if compared to Portland Cement. 
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West Kalimantan is one of province in Indonesia that has abundance of mineral like quartz and kaolin [1]. This 
natural kaolin is composed by kaolinite and associated with quartz, and muscovite. The improvement of properties 
of kaolinite can be done by two main different treatment such as (a) physical modification with thermal/micro-
wave treatment, and (b) chemical treatment with acid, bases or organic compound. Physical modification involved 
alteration of chemical composition and crystalline structure by the high temperature, but in chemical modification 
usually by alteration of structure, surface functional groups and surface area [2]. 
Beta-carotene is pro-vitamin A, which can be extracted from carrot. It has absorbance in wavelength zone from 
415-508 nm, therefore it was used as sensitizer on DSSC (dyes sensitizer solar cell) [3]. Freitas et al [4] used be-
ta-carotene in formulating sunscreen.
As natural organic compound, beta-carotene is sensitive to the light. Some researchers have found away how to 
improve the stability of the pigment. Stabilization of curcumin was enhanced by complexation with Zn2+ [5]. Pho-
tostability of natural pigment can enhanced by photoprotector, such as gold nanoparticles which improved pho-
tostability of chlorophyll-a [6]. Hiendro et al [7] using activated kaolinite to improve the photostability of bixin. 
In this research, we studied the photostability of beta-carotene with kaolinite from West Kalimantan, Indonesia 
(KN) and modified kaolinite. Kaolinite was calcinated 6 hours at 600 °C (KC), and modified by ZnCl2. Kaolinite 
was modified by interacted with ZnCl2 solution and then dried (KM). Beta-carotene (Aldrich) 2.5 ppm in acetone 
was interacted with modified kaolinite (kaolinite/acetone = (0.25g/10 mL) at 1 hour and then irradiation with UV 
light 365 nm until 9 hours. Before analysis, the effluent was sentrifuged 5 minutes at 5000 rpm. Absorption spectra 
of beta-carotene was mesured using UV-spectrophotometer (SHIMADZU 1800). The percentage photostability 
by modified kaolinite then was calculated using the formula as described by Claes. Rate photodegradatian was 
calculated using pseudo-first order reaction data.
Modified kaolinite was identified by X-Ray Diffraction (XRD), surface area analyzer, infrared-spectroscopy 
(FTIR), and Scanning Electron Microscope-Electron Diffuse X-ray (SEM-EDX). Difratogram XRD demonstated 
that calcinating at 600 °C caused the layer kaolinite kolaps. Mean pore volume of modified kaolinite increased and 
infrared-spectroscopy showed reducing -OH functional group.
From this research, we have observed that kaolinite increased the photostability of beta-carotene. Percentage 
photostability of beta-carotene by modified kaolinite at 5 hour was 61.87%. The amount of beta-carotene which 
absorbed in kaolinite was related to the photostability of beta-carotene.

Acknowledgement: this study was financially supported by the Directorate General of Higher Education, Ministry of Research, Technology 
and Higher Education of Indonesia.
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Nature provides prime examples of lightweight, strong, stiff and yet tough materials. Their unique properties are 
realized via the hierarchical self-organizing growth of hard (inorganic, protein crystals, crystalline polysaccha-
rides) and soft (organic, biopolymeric) building blocks into well-ordered structures with tailored energy dissipa-
tion mechanisms. Nacre, wood or silk are paradigms in materials design and considered near perfect marriages of 
hard and soft components. 

Herein, we will demonstrate large-scale self-assembly approaches to mimic the natural structure found in the na-
creous layer in mother of pearl and focus on how to tune the mechanical and functional properties, and make the 
overall structures light adaptive.

We use polymer-coated inorganic nanoclay platelets with intrinsic hard/soft character, which form nacre-mimetic 
composite films with highly defined and tuneable mesostructure upon water-removal due to excluded volume 
effects. We will show how nanoplatelet dimensions (aspect ratio from 25 - 3500), thickness of the organic layers, 
supramolecular bonds in the soft phase and humidity influence local dynamics and macroscopic material and frac-
ture properties. We furthermore demonstrate how the mechanical properties can be modulated in a spatiotemporal 
manner using light irradiation, and how this relates to non-equilibrium materials.

Beyond mechanical properties, we discuss applications driven by functionalities such as in environmentally friend-
ly fire barriers, and high-performance and transparent gas barriers needed for encapsulation of organic electronics.

[1] Zhu, B., Noack, M., Merindol, R., Barner-Kowollik, C., Walther, A. (2016). “Light-Adaptive Supramolecular Nacre-Mimetic Nanocom-
posites” Nano Lett. 16, 5167 (2016) (Highlighted in SCIENCE; 353, 787).

[2] Mäkiniemi, R., Das, P, Hönders, D., Grygiel, K., Cordella, D., Detrembleur, C., Yuan, J., Walther, A. (2015). “Conducting, self-assembled, 
nacre-mimetic polymer/clay nanocomposites” ACS Appl. Mat. Inter. 7, 15681.

[3] Zhu, B., Jasinski, N., Noack, M., Park, D., Goldmann, A.S., Barner-Kowollik, C. (2015). “Hierarchical Nacre-Mimetics with Synergistic 
Mechanical Properties by Control of Molecular Interactions in Self-Healing Polymers” Angew. Chem. Int. Ed. 54, 8653. 

[4] Das, P., Malho, J.-M., Koshrow, R., Schacher, F., Wang, B., Walther, A. (2015). “Nacre-Mimetics with Synthetic Nanoclays up to Ultra-
high Aspect Ratio” Nat. Commun. 6, 5967. 

[5] Das, P., Walther, A. (2013). “Ionic supramolecular bonds preserve mechanical properties and enable synergetic performance at high hu-
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Scientific Research Abstracts
Vol. 7, p. 803, 2017
ISSN 2464-9147 (Online)
XVI International Clay Conference | ICC 2017 | Granada, Spain
© Author(s) 2017. CC Attribution 3.0 License

STRUCTURE EVOLUTION AND WHITENESS OF RED PALYGORSKITE 
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Low-grade brick-red palygorskite (Pal) clay can be found almost everywhere on the earth with huge reserves, but 
they are hardly to be applied in industry on large scale because of their deep color and complex components [1,2]. 
The isomorphism substitution of Fe(III) and Al(III) toward the Mg(II) on octahedral sites in the natural Pal makes it 
have deep color and complex structural formula of (Mg5-y-zRy□z

3+)(Si8-xRx
3+)O20(OH)2(OH2)4R

2+
(x-y+2z)/2(H2O)4 (where, 

□ is a vacant site, and R represents Mg, Al or Fe) [3,4]. In addition, red Pal clay are mainly formed in marine, bay, 
lagoon, and lake conditions by a deposition mechanism [5], so the associated minerals (i.e., quartz, feldspar and 
muscovite) are usually present in it. Hence, to study the structure evolution and color transformation of natural 
red Pal clay under different conditions is extremely significant to extend its applications in industrial fields. In this 
work, we successfully convert brick-red Pal to white by a simple hydrothermal process in the presence of hydrox-
ylammonium chloride (HAC). The color of brick-red Pal does not change using water as the reaction medium; 
while the brick-red Pal converts to white using aqueous solution of HAC as the reaction medium. The HAC with 
strong reduction capability contributes to convert the brick-red Pal as white under atmospheric condition. The 
rod-like crystal morphology of Pal shows no obvious change after conversion to white, as confirmed by XRD and 
SEM analyses. The 29Si MAS NMR analysis confirms that some metal ions in octahedral sheet were leached, but 
the silica framework of Pal remains well. The Mössbauer spectroscopy shows that hematite (α-Fe2O3) phase exists 
in the Pal clay, which disappears after hydrothermal treatment. The Fe(III) and Fe(II) exist in the octahedral sheet 
of Pal, with the Fe3+ (52.4%) to Fe2+ (19.8%) area ratio of about 3:1. Hematite (α-Fe2O3) phase disappeared after 
hydrothermal reaction, and the red Pal clay was transformed as white. The chemical composition analysis reveals 
that after reaction with HAC, the content of Al2O3, Na2O, CaO and K2O does not obviously change, but the content 
of MgO, SiO2 and Fe2O3 changed greatly. The MgO content decreased from 4.02% to 2.07%, the content of Fe2O3 
decreased from 7.30% to 2.84%. This indicates that Mg(II) and Fe(III) or Fe(II) were leached from the octahedral 
sheet of Pal under the action of HAC; while Al(III) and Si(IV) still remain in the crystalline framework. It was 
revealed that the leaching of partial Fe(III) ions and reduction of Fe(III) ions as Fe(II) simultaneously contribute to 
conversion of color. The white products show the whiteness of 70.01-85.6%, which is potential to be used in many 
fields such as fine chemicals, paper making, paints, coating and reinforcing filler. 

[1] Xie, Q.Q., Chen, T.H., Zhou, H., Xu, X.C., Xu, H.F., Ji, J.F., Lu, H.Y., Balsam, W. (2013). Mechanism of palygorskite formation in the 
Red Clay Formation on the Chinese Loess Plateau, northwest China. Geoderma 192, 39-49.

[2] Zhang, Y., Wang, W.B., Zhang, J.P., Liu, P., Wang, A.Q. (2015). A comparative study about adsorption of natural palygorskite for meth-
ylene blue. Chem. Eng. J. 262, 390-398.

[3] Bailey, S.W. (1984). Structure of layer silicates: pp. 2-115 in: Crystal Structures of Clay Minerals and their X-ray Identification (G.W. 
Brindley and G. Brown, editors). Monograph 5, Mineralogical Society, London.

[4] Newman, A.C.D., Brown, G. (1987). The chemical constitution of clay. Pp. 109-112 in: Chemistry of Clays and Clay Minerals (A.C.D. 
Newman, editor). Monograph 6, Mineralogical Society, London.

[5] Verrecchia, E.P., Le Coustumer, M.N. (1996). Occurrence and genesis of palygorskite and associated clay minerals in a Pleistocene cal-
crete complex, Sde Boqer, Negev Desert, Israel. Clay Miner. 31, 183-202.
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ON THE AVAILABILITY OF CLAY MINERAL “CRYSTALLINITY” INDEX 
STANDARDS

LaurEncE warr

Institute of Geography and Geology, University of Greifswald, Greifswald, Germany

The clay mineral “Crystallinity” Index Standard (CIS[1]) is a method of full-width-at-half-peak-maximum 
(FWHM)calibration using rock chip standards that allows the same numerical results to be obtained from the clay 
mineral XRD basal reflections of the same samples, regardless of interlaboratory variations. It is most commonly 
applied for standardizing the illite “Kübler” and chlorite “Árkai” “crystallinity” indices for the purpose of consist-
ent metamorphic grade determinations. Standard samples for this method of standardization have been available 
from the author over the period of 1994-2016. All sample batches originate from the well-studied diagenetic 
to low-grade metamorphic Palaeozoic rock sequence exposed in the coastal section of North Devon and North 
Cornwall, southwest England. This contribution reports on a resampling study of previous locations, as well as 
some additional sites designed to increase the number of available standards. New CIS values were determined 
following the original methodology of Warr & Rice (1994) [1] and based on internal calibration against older CIS 
samples. The new material were also tested for homogeneity and the statistically reproducibility of measurements 
quantified based on multiple sampling of each batch. The metamorphic grade was also reassessed following the 
recent revision of the CIS anchizonal boundaries to true (original) Kübler equivalent values [2]. In addition to pres-
entation of the new CIS standard collection, some recommendations are given on how to improve the calibration 
of data sets based on experience gathered since the introduction of the method.

A summary of old and new* CIS standards is given below (L = Lower, M =Middle, U = Upper).

Standard Locality Source Age Metamorphic 
zone

SW1-1992 Widemouth Bay BudeMudrock U. Carboniferous Diagenetic
SW1-2012* Widemouth Bay BudeMudrock U. Carboniferous Diagenetic
SW2-1992 Crackington Haven CrackingtonMudrock U. Carboniferous L. anchizone
SW2-2012* Crackington Haven CrackingtonMudrock U. Carboniferous L. anchizone
SW3-2000 Widemouth Bay BudeMudrock U. Carboniferous L. anchizone
SW3-2012* Polzeath Beach Polzeath Slate U. Devonian U. anchizone
SW4-1992 Portgaverne Trevose Slate M. Devonian U. anchizone
SW4-2012* Portgaverne Trevose Slate M. Devonian U. anchizone
SW5-2000 Strangles Beach CrackingtonMudrock U. Carboniferous U. anchizone
SW6-1992 Trebarwith Strand Tredorn Slate U. Devonian Epizone
SW6-2012* Trebarwith Strand Tredorn Slate U. Devonian Epizone
SW7-2012* Delabole Slate Quarry Delabole Slate U. Devonian Epizone

[1] Warr L.N., Rice A. (1994). Interlaboratory standardization and calibration of clay mineral crystallinity and crystallite size data. Journal 
of Metamorphic Geology, 141-152.

[2] Warr L.N., Mählmann R.F. (2015). Recommendations for Kübler Index standardization. Clay Minerals, 283-286.
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LOW-FREQUENCY CONDUCTIVITY OF CLAY SUSPENSIONS: 
ELECTROKINETIC POTENTIALS, SURFACE CONDUCTANCE AND 
COUNTERION MOBILITY

CHristian Weber (1)*, HelGe stanjek (2)
(1) Physikalische Chemie TU Freiberg, Freiberg, Germany, (2) Ton- und Grenzflächenmineralogie RWTH Aachen, Aachen, 
Germany 

Judged by the number of publications on the electrochemical properties of clay mineral- aqueous solution interfac-
es, the interest in electrokinetic potentials and related parameters is high. Although the importance of accounting 
for the non-spherical particle shape and surface conductance originating in the Stern layer has been emphasized 
repeatedly [2,3,4], the great majority of studies disregards these aspects entirely. Apart from other peculiarities of 
clay minerals, these aspects may be responsible for the fact that electrokinetic consistency has not been observed 
in clay systems. 

This work presents results on the low-frequency electric conductivity of kaolinite dominated clay suspensions. 
The theoretical interpretation of conductivity data is guided by the theory of O’Brien & Ward [1] which accounts 
for the non-spherical particle shape and surface conductance. All parameters necessary for solving their equations 
have been determined experimentally, which eliminates uncertainties due to fitting procedures. Essential outcomes 
of the conductivity experiments are the surface conductance and electrokinetic potential. Alongside with the con-
ductivity experiments the surface charge density of the particles has been measured under similar conditions. A 
correlation of the surface conductance and the surface charge density allows to estimate tangential counterion 
mobilities in the Stern layer and a consistency check of the conductivity interpretation. 

[1] O’Brien R.W., Ward D.N. (1988). The electrophoresis of a spheroid with a thin double layer. Journal of Colloid and Interface Science, 
402-413. 

[2] Rasmussen M., Rowlands W.N., O’Brien R.W., Hunter R. (1997). The dynamic mobility and dielectric response of sodium bentonite. 
Journal of Colloid and Interface Science 92-100. 

[3] Rowlands W.N., O’Brien R.W. (1995). The dynamic mobility and dielectric response of kaolinite particles. Journal of Colloid and Inter-
face Science, 190-200. 

[4] Swartzen-Allen S.L., Matijević E. (1974). Surface and Colloid Chemistry of Clays. Chemical Reviews, 385-400. 
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BRICK CLAYS OF AUSTRIA - MINERALOGICAL AND GRAIN-SIZE 
CHARACTERISTICS 

ingEBorg wimmEr-FrEy (1)*, Franz ottnEr (2), BErnd schwaighoFEr (2)
(1) Geological Survey of Austria, A-1030 Vienna, Austria, (2) Institute of Applied Geology, University of Natural Resources 
and Life Sciences, A-1190 Vienna, Austria

According to Austrian mining data, approximately 1.9 million tonnes of clay raw materials were mined in 2015 
[1]. Currently, 55 clay pits are in operation and supply 25 brickworks. The material produced is used primarily for 
rising back-up masonry, roofing tiles, clinker bricks, and in the production of expanded clay. The economically 
important clay raw materials are extremely varied and widely distributed. In terms of age, they range from Palaeo-
gene and Neogene to late Holocene. The genetic classification shows marine, brackish, limnic or aeolian sediments 
in all stages of weathering.

Clay deposits from the Quarternary period are found all over Austria. In Tirol, Vorarlberg, Salzburg and parts of 
Carinthia, post- and late glacial lake deposits are the only source of brick clays. In Upper and Lower Austria and 
in Styria, Pleistocene eolian deposits, such as loess and loamy loess still have considerable economic importance, 
even though they were much more widely used in the past.

Sediments from the Paleogene and Neogene are by far the chief and most important sources of raw material for 
all kinds of bricks. The clay pits are concentrated mainly in the Austrian MolasseZone, an Alpine foreland basin 
extending between the Bohemian Massif in the north and the Alpine front in the south. Other important resources 
are found in the Vienna Basin, and in the Styrian and other associated intramontane basins.

In Upper Austria, the Austrian federal state with the largest number of brickworks, the marine pelitic sediments 
from the Ottnangian period are the most important source of raw material. The silt content is relatively high and 
the clay content quite low. The bulk mineralogy is characterized by high carbonate content. When finely and ho-
mogenously distributed, the carbonates have a favourable influence on the firing behaviour. However, they also 
have a determining influence on the fired colour of the brick, and it is only possible to obtain the traditional brick-
red colour with an admixture of Quaternary loam. The clay mineral assemblage is characterized by the absence of 
kaolinite. In addition to traces of chlorite, the predominant clay minerals are smectite and muscovite/illite.

In Lower Austrianorth of the Danube, marine pelitic sediments from the Karpatian periodwith little variation in 
mineralogy and grain-size distribution offer the best conditions for consistent brick qualities. The bulk mineralogy 
consists of carbonates und high amounts of phyllosilicates. The clay mineral assemblage is dominated by smectite 
followed by illite/muscovite, kaolinite and chlorite. South of Vienna, in the Vienna Basin, where the centre of the 
Austrian brick industry started to develop 150 years ago, a brackish to limnic sequence of clayey silty sediments 
of Pannonian age is still extensively exploited. 

In Burgenland, the so-called “Stoober Tone” have been used for centuries as an important raw material for pottery. 
Today, these kaolinitic, early-sintering silty clays fromthe Late Miocene Period are also widely used for roof tile 
production.

In Styria, the brick clays in use show greater variation. For example, Pliocene to Lower Pleistocene maar lake 
sediments and Late Miocene limnic-deltaic sediments are used in the production of lightweight expanded clays.

Bulk rock composition, clay mineralogy and grain-size analyses -- including geological information --onAustrian 
clay deposits that are currently or have been exploited in the past are stored in a digital database maintained by the 
Geological Survey of Austria. An overview of petrographic characteristics is represented in order to illustrate the 
diversity of Austrian brick clays and their common characteristics.

[1] Bundesministerium für Wissenschaft, Forschung und Wirtschaft (2016): Österreichisches Montan-Handbuch Bergbau Rohstoffe Grund-
stoffe Energie. - p. 280, Vienna.
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QUANTITATIVE ANALYSIS AND VALORISATION OF KAOLINITE FROM 
CALUQUEMBE (ANGOLA) BY X-RAY POWDER DIFFRACTION AND 
THERMOGRAVIMETRIC TECNIQUES

jinGyao xu (1)*, sandra amores (1), esperança tauler (1), joan Carles melGarejo (1), 
salvador martínez (1), antonio olimpio Gonçalves (2), marC Campeny (1,3)
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Barcelona, Spain, (2) Departamento de Geologia, UniversidadeAgostinho Neto, Luanda, Angola, (3) Natural History 
Museum of Barcelona, Barcelona, Spain 
*jingyao.xu@ub.edu

Kaolin deposits has been for long exploited in several regions of Angola, and some of the most important are 
produced by weathering of anorthositic rocks from the Cunene complex. However, a systematic research has not 
been carried out until the present moment. Some extensive outcrops of kaolinitic weathering profiles developed 
on Precambrian granitic rocks were discovered during a recent trip in the Caluquembe area, in the Huila province 
(SSE of Luanda). 

The present study determined the mineralogical features and thermal properties of the clay minerals fromthese out-
crops. The mineral composition was determined by means of X-ray diffraction, Raman spectroscopy and scanning 
electron microscopy. The quantitative mineral phase analyses of the samples were obtained by X-ray diffraction 
profile refinement using Topas V2.2. The thermal behaviour was studied by differential thermal and thermogravi-
metric analysis. 

Whole-rock geochemical analyses on random powders (XRPD) reveal that samples are mainly composed of ka-
olinite, quartz, feldspars (e.g. albite and microcline) and muscovite. In addition, smectite and hematite have been 
detected only in some samples. The obtained results indicate that samples present high kaolinite contents (~85 
wt%), although a few samples which contain smectite have lower percentages of kaolinite (~28% wt%).

Thermal analyses were carried out to check the quantitative results of mineral phasesby XRPD. The differential 
thermal analysis (DTA) curve showsonly an endothermic peak at about 540 °C in dry air which confirms the de-
hydration of kaolinite [1] in samples lacking smectite. Mass loss in the samples, measured by thermogravimetric 
analysis (TG), is between 4 to 11 wt% until 650 ºC; samples with higher kaolinitecontents show the highest mass 
loss values. The amount of kaolinite calculated by mass loss is between 90 and 25 wt%.

We can conclude that XRPD and TG results have a good correlation and the combination of both techniques is 
suitable to determine the kaolinite content in this kind of clay deposits. Based on the high content of kaolinitefrom 
the deposit of Caluquembe, this area is very suitable for the exploration and potential exploitation of kaolinite, 
which is a very valuable raw material demanded in the fabrication of ceramics, cosmetics, paper or pharmaceutical 
products.

[1] MacKenzie, Robert C. (1957). The differential thermal investigation of clays. Mineralogical - Society (Clay Minerals Group), 456 pp.



Scientific Research Abstracts
Vol. 7, p. 808, 2017
ISSN 2464-9147 (Online)
XVI International Clay Conference | ICC 2017 | Granada, Spain
© Author(s) 2017. CC Attribution 3.0 License

MICA-VERMICULITE INTERGROWTH EXPANSION THROUGH 
NATURAL PROCESSES IN PYROCLASTIC CARBONATITES 
FROMCATANDA (ANGOLA)

jinGyao xu (1)*, marC Campeny (1), esperança tauler (1), joan Carles melGarejo (1), antonio 
olimpio Gonçalves (2)
(1) Departament de Mineralogia, Petrologia i Geologia Aplicada, Facultat de Geologia, Universitat de Barcelona, 08028 
Barcelona, Spain, (2) Departamento de Geologia, Universidade Agostinho Neto, Luanda, Angola 
*jingyao.xu@ub.edu

Catanda carbonatites are found in the Kwanza Sul province, about 350 km SE of Luanda (Angola). Theseare 
formed by small volcanic cones consisting of a series of pyroclastic rocks with minor interbedded carbonatitic 
lavas [1]. Phlogopite as a carbonatitic mineral and annite as xenocrystal provided from hosted granites are found 
in the Catanda pyroclastic carbonatites. Secondary minerals such as vermiculite have also been reported [1].

Under petrographic study, phlogopite and annite present textures as non-expanded, slightly expanded and strongly 
expanded defining accordion texture. Vermiculite can be distinguished using SEM-EDS in back-scattered electron 
(BSE) mode. Bothphlogopite and annite are affected by the vermiculitization process. 

Previous work [2,3] has proposed that vermiculitization of micas proceeds through the sequence: mica to inter-
stratified mica-vermiculite to vermiculite, and this is determined byXRD as peaks at 10, 12 and14 Å, respectively. 
In the present study of the Catanda samples, diffraction peaks were identified at 10 and 14 Å only, and no 12 Åpeak 
was found. We propose that the Catanda intermediate product of phlogopite-vermiculiteshould not be considered 
as an interstratified phlogopite-vermiculite but a mixture of phlogopite and vermiculite, consisting of intergrowths 
of both minerals inan intermediate stage of alteration, similar to theintergrowth of phyllosilicates described inother 
works [4,5]. By EMP analysis, vermiculite generated by the alteration of phlogopite is dominated by Ca in the 
interlayer position, it has d002 values of 14.6-14.8 Å identified by XRD, so the alteration of phlogopite produced 
Ca-vermiculte. For the alteration of annite, all analysis shows Mg <0.5 and K2O contents of >5 wt.%. We propose 
that annite altered to K-vermiculite which has d002 spacing of 10.42 Å, so the intermediate product between annite 
and K-vermiculite has d002 about 10 Å. The d002 spacing of 10.07 Å corresponds to annite and phlogopite, also 
could be K-vermiculite, so as intergrowth or interstratified annite and K-vermiculite. 

Pure vermiculites have little ability to expand but do increase in polyphase intergrowths, which are definedas 
intra-particle mosaics between mica and vermiculite, a rapid heating (>300 °C) may generate theexpansion of mi-
ca-vermiculite intergrowths [4]. We propose that the formation of the accordions texture as product of expansion 
is related to the rapid heating caused by the volcanic process that occurred in the Catanda area [1]. The intergrowth 
vermiculite-phlogopite stimulated the expansion. To the authors’ knowledge, this is the first report of the accordion 
texture related to the vermiculite expansion occurring under natural conditions. 

[1] Campeny M., Mangas J., Melgarejo J.C., Bambi A., Alfonso P., Gernon T., Manuel J. (2014). The Catanda extrusive carbonatites (Kwanza 
Sul, Angola): an example of explosive carbonatitic volcanism. Bulletin of Volcanology, 76, 818-834.

[2] Moon H.S., Song Y., Lee S.Y. (1994). Supergene vermiculitization of phlogopite and biotite in ultramafic and mafic rocks, Central Korea. 
Clays and Clay Minerals, 42, 259-268.

[3] Azzone R.G., Ruberti E. (2010). Evolução Composicional dos Filossilicatos no Perfil Intempérico do Complexo Ultramáfico Alcalinocar-
bonatítico de Catalão I (GO). Geologia USP, SérieCientífica, 10, 23-43. Minerals, 42, 259-268.

[4] Hillier S., Marwa E.M.M., Rice M. (2013). On the mechanism of exfoliation of “vermiculite”. Clay Minerals, 48, 563-582.
[5] Giorgetti G., Memmi I., Nieto F. (1997). Microstructures of intergrown phyllosilicate grains from Verrucanometasediments (northern 

Apennines, Italy). Contributions to Mineralogy and Petrology, 128, 127-138.
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FROM THE LOMA ORTEGA NI-LATERITE DEPOSIT (DOMINICAN 
REPUBLIC)
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Hydrous Mg silicate-type Ni-laterite deposits, like the Falcondo district (Dominican Republic), are dominated 
by Ni-enriched serpentines and garnierites. Recently, abundant Ni-smectites were discovered in the Loma Ortega 
Ni-laterite deposit included in the Falcondo area. In this work we discuss the mechanisms of formation of this 
Ni-smectite from pyroxene in the harzburgite parent rock.

Enstatite and diopsideare detected at 9.8 m deep in the Ni-laterite profile. Enstatite has an average NiO content of 
0.06 wt% (N=10 analyses), and an average structural formula Mg1.70Fe0.16Ca0.04Cr0.02Al0.08Ni0.002(Si1.88Al0.12)O6(based 
on 6 oxygens). Enstatite occurs as prismatic crystals with irregular borders, frequently interstitial to olivine grains, 
and may show exsolution lamellae of diopside. Other prismatic pyroxene grains consist of a core with enstatite 
composition and a ~50 µm-thick border of diopside. Enstatite contains 0.03 wt% NiO(N=12 analyses) with the 
structural formula Mg0.94Ca0.90Al0.07Cr0.03Fe0.06Ni0.001(Si1.87Al0.13)O6. Diopside contains 0.05 wt% NiO (N=11 anal-
yses), with the structural formulaMg1.08Ca0.80Al0.06Cr0.01Fe0.05Na0.01Ni0.001(Si1.91Al0.09)O6. The average structural for-
mula calculated on the basis of 11 oxygens for smectiteis (Ca0.20Na0.01)(Ni1.65Mg1.35)(Si3.72Al0.08Fe0.13Cr0.03)O10(OH)2 
(N= 69 analyses). The structural formulae reveal a trioctahedral smectite with the tetrahedral position fully occu-
pied by Si and minor amounts of Al and Fe3+, with Ni and Mg as major octahedral cations, and Ni>Mg. The Ni 
content in Ni-smectite is highly variable, but one of the highest reported in the literature, with 16.15-40.72 wt% 
NiO (0.95-2.70 apfu Ni).

During lateritic weathering of ultrabasic rocks, the alteration of primary pyroxene leads to the formation of smec-
tite[1], favoured by the fitting of the lattice structure of pyroxene with the smectite structure. Previous authors [2,3] 
studied the transformation of hedenbergite to nontronite and proposed that nontronite may grow topotactically 
from hedenbergite after the formation of a tetrahedral and an octahedral sheet from the shift of ½ [101] between ad-
jacent pyroxene tetrahedral chains and octahedral cations. Actually, the c parameter of nontronite is approximately 
1.5 times the a parameter of hedenbergite (1.5 x apyroxene= csmectite, bpyroxene = bsmectite and cpyroxene = asmectite ) [3], and 
this would facilitate the transformation of pyroxene to smectite. In the case of Loma Ortega, the cell parameters of 
diopside are a=9.74, b= 8.92, c=5.23 Å, and those of Ni-smectite are a= 5.48, b= 9.13 c= 14.8 Å.

In Loma Ortega, the alteration of pyroxene to smectite seems an “isovolumetric transformation” characterized by 
a conservation of the parent mineral texture and a remarkable concentration of Ni. 

[1] Colin, F., Nahon, D., Trescases, J., Melpi, A. (1990). Lateritic weathering of pyroxenites at Niquelandia, Goias, Brazil: the supergene 
behaviour of nickel. Economic Geology, 85, 1010-1023

[2] BrindleyG.W. (1978). Title The structure and chemistry of hydrous nickel containing silicate and aluminate minerals. Bulletin du BRGM 
section II-3, 233-245.

[3] Eggleton, R.A. (1975). Nontronite topotaxial after hedenbergite. American Mineralogist 60, 1063-1068. 
[4] Eggleton R.A., Boland, J.N. (1982). Weathering of enstatite to talc through a sequence of transitional phases. Clays and Clay Minerals 

30, 1, 11-20.
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AMELIORATION OF ADSORPTION CAPACITY OF ALGINATE’S BEADS 
BY INCOPORATING MAGADIITE: THE EFFICIENT REMOVAL OF 
CRYSTAL VIOLET DYE IN AN AQUEOUS SOLUTION
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Dyes are widely used in printing, food, cosmetics and in textile industries for their chemical stability, the ease of 
synthesis and variety of colors. However, these dyes are can potentially cause pollution once they are released in 
the environment [1]. Crystal violet (CV) is a cationic dye that is widely applied to colour paper, hair, dye cottons, 
and wool. The dye is regarded as a biohazardous substance [2]. Magadiite is a rare polysilicates, which has unique 
adsorption and swelling properties [3]. These properties could promote its application as an adsorbent for environ-
mental pollutants [4]. The main aim of this study was to combine the gelling and adsorption properties of alginate 
(a linear polysaccharide, natural, hydrophilic and biocompatible) with magadiite’s characteristics for efficient 
removal of CV dye from an aqueous solution. We started by the preparation ofalginate’s beads. Then, synthesis 
of composite’s beads (Alg:Mag) to finally carry out the adsorption’s CV test on these materials. The dye removal 
adsorption studies were performed by varying different parameters like pH (0-8), initial concentration of CV (10-
300 mg/L), ratio of Alg/Mag (5-60%) and adsorbent’s dose (0.2-6g). Maximum dye removal was observed by 
(Alg:Mag) at a pH of 3.5, 3 g of adsorbent with ration 60% of Mag/Alg, 50 mg/L dye concentration and 120 min 
of contact time. The process of dye removal followed a pseudo second-order kinetics rather than pseudo first order. 
The results from the experimental data reveal that beads of (Alg:Mag) have proved to be an excellent adsorbent 
material for the removal of CV dye.

[1] Singh S. N. (Ed.). (2014). Microbial Degradation of Synthetic Dyes in Wastewaters. Springer.
[2] Au W., Pathak S., Collie C., Hsu T. (1978). Cytogenetic toxicity of gentian violet and crystal violet on mammalian cells in vitro.Mutation 

Research/Genetic Toxicology, Vol: 58(2-3)pp: 269-276. 
[3] Eypert-Blaison, C., Sauzéat, E., Pelletier, M., Michot, L. J., Villiéras, F., & Humbert, B. (2001). Hydration mechanisms and swelling 

behavior of Na-magadiite. Chemistry of Materials, Vol: 13(5) pp: 1480-1486.
[4] Fujita L., Kuroda K., Ogawa M. (2003). Synthesis of interlamellarsilylated derivatives of magadiite and the adsorption behavior for ali-

phatic alcohols.Chem. Mater, Vol: 15 (16) pp: 3134-3141.
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Mesosized cavities within metal oxide and clay materials are promising reaction space for functional biomacro-
molecules, because biomacromolecules confined in the mesosized cavities can retain their functions under both 
physiological conditions and harsher reaction conditions. It has been considered that both surface character and 
size matching between cavity sizes and molecular sizes affect the stability of the three-dimensional structure of 
a biological macromolecule inside a nanopore. However, the impact of the cavity size on stractural stability of a 
biomacromolecule has not been realized due to lacks of its quantitative study. Although thermodynamic study on 
the confined biomacromolecules are important aspects to understand the molecular functionalities, it has not been 
made due to difficulties of the direct measurement. Herein, we present our recent studies on impact of cavity size 
for stability of DNA secondary structure [1].

In the present study, we synthesized FSM-type mesoporous silica prepared by kanemite [2], MCM-type meso-
porous silica [3], and SBA-type mesoporous silica [4]. For the study of DNA duplex stability, positively-charged 
trimethyl aminopropyl (TMAP) layer was formed at the inner pore surface of mesoporous silica for the adsorption 
of DNA molecules by electrostatic interaction [1]. The 5’ FAM-modified DNA (d-TTTT or d-TTT) and 3’ TAM-
RA-modified DNA (a-AAAA or a-AAA) fragments were introduced into the TMAP-modified silica mesopores, 
and fluorescence energy transfer (FRET) responses from the confined DNA fragments were observed at tempera-
ture between 40 and -60 ºC. 

In the study on duplex stabilities of short DNA fragments (d-TTTT/a-AAAA and d-TTT/a-AAA), it was found that 
the duplex stabilities were significantly enhanced by confinement inside the TMAP modified silica mesopores [1]. 
The d-TTT/a-AAA duplex was formed inside the pore (BJH pore diameter = 2.4 nm) with high efficiency (fraction 
of duplex = ca. 0.7), whereas it hardly formed in bulk aqueous solution due to its energetically instability. In addi-
tion, by utilizing supercooled pore water, almost complete duplex formation could be achieved at -60 ºC [1]. From 
thermodynamic study on the duplex formation within mesoporous silica with a series of pore diameters, it was 
concluded that spatial confinement was responsible for the enhanced duplex stability inside the mesosized cavity. 

It is well known that the solvent water, which is confined inside mesosized cavity, can be deeply and reliably 
supercooled [5]. In the present study, we demonstrated that the combination of the spatial confinement and the 
supercooling condition could be useful to regulate the DNA secondary structure.

In contrast to the enhanced stability of DNA duplex confined inside the mesosized cavity, tertiary structure of 
protein was sometimes destabilized by the confinement. We examined the structural stability of globular protein 
(myoglobin) confined inside the mesosized cavity by optical absorption, differential scanning calorimetry (DSC), 
and neutron and X-ray scattering spectroscopies. The results suggested that the destabilization of myoglobin was 
due to the interaction of silica-myoglobin interaction. 

[1] Arafune H., Yamaguchi A., Namekawa M., Sato Y., Itoh T., Yoshida R., Teramae N. (2014). Trinucleotide duplex formation inside a 
confined nanospace under supercooled conditions. Nat. Commun., 5, 5151.

[2] Inagaki S., Fukushima N., Kuroda K. (1993). Synthesis of Highly ordered mesoporous materials from a layerd poysilicate. Chem. Com-
mun., 680.

[3] Yamaguchi A., Uejo F., Yoda T., Uchida T., Tanamura Y., Yamashita T., Teramae N. (2004). Self-assembly of a silica-surfactant nanocom-
posite ina porous alumina membrane. Nat. Mater., 3, 337.

[4] Zhao D., Feng J., Huo Q., Melosh N., Fredrickson G.H., Chmelka B.F., Stucky G.D. (1998). Tribloc copolymer symtheses of mesoporous 
silica with periodic 50 to 300 angstrom pores. Science, 279, 548.

[5] Yamaguchi A., Namekawa M., Itoh T., Terame N. (2012). Microviscosity of supercooled water confined within aminopropypl-modified 
mesoporous silica as studied by time-resolved fluorescence spectroscopy. Anal. Sci. 28, 1065.
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CRYSTAL GROWTH OF THE LAYERED SILICATE GRAFTED WITH 
ORGANIC GROUPS ON MONODISPERSE SPHERICAL SILICA 
PARTICLES
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Surface modification of smectites group of layered clay minerals (swelling phyllosilicate) has extensively been 
investigated for applications as adsorbents and photo- and electro-functional materials [1]. Cation-exchange reac-
tions of smectites with organic cations are a promising method to modify because of their ion-exchange and swell-
ing abilities, leading to various interlayer nanostructures for imparting useful functions. Grafting is another method 
via covalent attachment of organosilyl groups to the phyllosilicate layers. Apart from a post-grafting method, there 
are several reports on a one-step method for creation of synthetic smectites grafted with organophilic groups in 
the interlayer space including sol-gel reactions of organosilanes before the crystallization [2]. With some isomor-
phous substitution of Li(I) for Mg(II) in the octahedral layer, the resultant charged organo-phyllosilicate hybrids 
have been produced to be unique adsorptive properties if compared with conventional organoclays derived from 
cation-exchanges. We have developed direct crystallization of a hectorite-like layered silicate on silica surface 
(sacrificial template method) [3] in an aqueous alkali solution with preserving the shape of the original silica. A 
shape-controlled organo-phyllosilicate hybrid thus will be produced using the sacrificial template method. Here we 
report crystal growth of the phyllosilicate fine crystals grafted with methyl groups on the surface of a monodisperse 
spherical silica. 
Methyltriethoxysilane and monodisperse spherical silica particle powder (2.6 μm) were used as the silica sources. 
These sources were allowed to react hydrothermally (373 and 423 K) in a Teflon-lined autoclave with an aqueous 
solution of LiF and MgCl2 at a molar ratio of Si:Mg:Li=1.00:0.19:0.13 in the presence of urea (equal mole of Si) 
for 2~4 d. A typical molar ratio of the organosilane was 1/25 to the spherical silica particles. The precipitate was 
then collected by centrifugation, followed by being washed with mixture of water and ethanol (50/50=v/v). 
SEM and TEM images of the products revealed homogeneous coverage with layered fine particles on the spherical 
silica particles. The fine particles were ascribable to hectorite-like layered silicate as revealed by XRD. The diam-
eter of the whole particles slightly increased to 2.8 μm by the hydrothermal reactions with maintaining the original 
spherical shape and size distribution. An exothermic mass loss (4%) in the TG-DTA curves observed in the temper-
ature range of 250 to 300 K indicated incorporating methyl groups. The basal spacing of the product was 1.32~1.36 
nm slightly larger than 1.25 nm of a hectorite-silica hybrid in the absence of the organosilane. In the solid-state 29Si 
NMR spectra, signals assigned to hectorite Q3(Si(OMg)(OSi)3), Q2((Si(OMg)(OSi)2(OH), and Q1(Si(OMg)(OSi)3) 
were observed at -94, -84, and -77 ppm, respectively. While Tn (n = 1,2, and 3) signals were also observed in the 
range of -64 to -49 ppm for the synthesis at 373 K, those intensity was negligible at 423 K. The disappearance 
strongly suggests that increased temperature would avoid polymerization between the methylsilanes. Methylene 
blue, a cationic dye, was strongly adsorbed to the products from an aqueous solution, and the maximum amount 
adsorbed was 0.17 mmol/g to which the amount is close to that reported hectorite-silica hybrids [3d]. We thereby 
exemplified that methylsilane in the starting mixture participated the loading of methyl groups as Si-C linkage in 
the direct growth of the organophilosilicate fine crystals on the silica surface. Owing to the controlled morphology, 
the resulting hybrids will be useful for packing materials of liquid chromatography. 

[1] (a) Okada T., Ide Y., Ogawa M. (2012). Organic-Inorganic Hybrids Based on Ultrathin Oxide Layers: Designed Nanostructures for 
Molecular Recognition. Chem. Asian J., 389, 1980-1992; (b) Okada T., Seki Y., Ogawa M. (2014). Designed Nanostructures of Clay for 
Controlled Adsorption of Organic Compounds. J. Nanosci. Nanotech., 14, 2121-2134.

[2] (a) Carrado K.A., Xu L., Csencsits R., Muntean J.V. (2001). Use of Organo- and Alkoxysilanes in the Synthesis of Grafted and Pristine 
Clays. Chem. Mater., 13, 3766-3773; (b) Fujii K., Hayashi S. (2005). Hydrothermal Syntheses and Characterization of Alkylammonium 
Phyllosilicates Containing CSiO3 and SiO4 Units. Appl. Clay Sci., 29, 235-248.

[3] (a) Okada T., Yoshido S., Miura H., Yamakami T., Sakai T., Mishima S. (2012). Swellable Microsphere of a Layered Silicate Produced by 
Using Monodispersed Silica Particles. J. Phys. Chem. C., 116, 21864-21869; (b) Okada T., Shimizu K., Yamakami T. (2016). An Inorgan-
ic Anionic Polymer Filter Disc: Direct Crystallization of a Layered Silicate Nanosheet on a Glass Fiber Filter. RSC Adv., 6, 26130-26136; 
(c) Okada T., Kobari H., Haeiwa T. (2016). Effects of Fluoride and Urea on the Crystal Growth of a Hectorite-Like Layered Silicate on a 
Silica Surface. Appl. Clay Sci., 132-133, 320-325; (d) Okada T., Suzuki A., Yoshido S., Minamisawa H.M. (2015). Crystal Architectures 
of a Layered Silicate on Monodisperse Spherical Silica Particles Cause the Topochemical Expansion of the Core-Shell Particles. Micro-
porous Mesoporous Mater., 215, 168-174.
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IN-SITU NON-AMBIENT X-RAY DIFFRACTION STUDIES OF SEPIOLITE/
POLYAMIDE6,6 NANOCOMPOSITES

aFrica yEBra-rodriguEz*, cristina FErnandEz-Barranco

Department of Geology and CEACTierra, University of Jaen, 23071 Jaen, Spain

Clay/polymer nanocomposites (CPN) are hybrid materials in which a small amount of clay is uniformly dispersed 
in a polymer matrix. These materials have been widely used in a variety of industrial applications since the first 
CPN manufactured by Toyota [1,2]. Polyamide 6,6 (PA66) is one of the most widely used engineering semicrys-
talline thermoplastics, combining ease of processing with good technical properties and good price. Depending on 
the crystallization conditions, different polymorphs can be found (mainly α and γ [3]), resulting from a different 
arrangement of the hydrogen bonds between the chains of the polymer, which can be affected by the introduction 
of a nanofiller in the polymer matrix [4,5].

Under certain conditions of use, photooxidation and thermo-degradation also cause irreversible structural changes 
affecting the technical properties of the material [6]. However, the presence of clay minerals as reinforcing agent 
contributes to the stability of the crystal structure of the polymer (e.g. in montmorillonite/polyamide6 CPN, where 
the stability is achieved through mechanisms of pseudoepitaxy between the two phases [7]). The aim of this work 
is to characterize the structural changes occurring in sepiolite/PA66 nanocomposites during certain industrial uses.

For that purpose we used pristine PA66 and CPN manufactured by adding sepiolite (5 wt%) to a PA66 matrix in 
a twin-screw extruder as described elsewhere [4]. The samples were afterwards processed simulating industrial 
processes. X-ray diffraction analyses were carried out on a PANalytical Empyrean diffractometer in combination 
with the Anton Paar XRK900 chamber which enables to characterize in situ the structural changes of the samples 
at non ambient conditions. The in situ changes in the amide groups of the PA66 crystals were observed with the 
help of a Bruker MultiRAM FT-Raman Spectrometer operating at the same temperature steps. Differential Scan-
ning Calorimetry (Mettler Toledo 820e) was used to determine the crystallinity index, glass transition and melting 
temperature in the pristine PA66 and CPN samples. The results prove that after the Brill transition temperature of 
PA66 the sepiolite partially prevents the movement of the amide groups in the chains of the polymer, so the phase 
transition α → γ is not complete. Crystallinity index is also affected.

Acknowledgements: this work was financially supported by the CEACTierra (University of Jaen, Spain, grant no. 2014/00113/001), Instituto 
de Estudios Giennenses (Jaen, Spain, grant no. IEG-0617-0120-35) and Research Group RNM-325 (CICE, Junta de Andalucia, Spain). The 
authors thank technical and human support provided by CICT (University of Jaen, Spain).
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SELENIUM UPTAKE FROMWATERS USING NATURAL ANDWASTE 
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The main objective of this workwas to investigate the removal of selenium species and natural organic matter 
from waters using raw and surface-modified natural andwaste materials. The used pumiceslag particles were 
coated with iron oxide and the raw red mud was activated by acidification and heat treatment. Iron oxide coating 
of pumiceslags and acid activation of original red mud(ORM) decreased their point of zero chargevalues and 
increased surface acidity.

Selenite/selenate adsorption on iron oxide surfaces and acid activated red mud (AARM) was very fast with ap-
proximately following first-order adsorption kinetics. Iron oxide coating of pumiceslag and acid activation of 
ORM particles significantly enhanced their adsorption capacity for selenite and selenate. Maximum selenite ad-
sorption capacity(6.3 mg Se/g adsorbent) wasobtained forAARM. The extent of selenate uptake by the surface 
modified particles was generally lower than those of selenite. Due to the competition among selenium species 
and other background anions in the water matrix for iron oxide adsorption sites, reduced selenite/selenate uptakes 
were found in natural water compared to their respective single solute tests. Greaterselenite by iron oxide surfaces 
were found at pH 7.5 compared to pH 8.9, due to increased electrostatic repulsion among iron oxides and selenite 
species at higher pH.AARM and iron oxide coated pumice are very effective for selenite uptake. Selenium concen-
trations less than drinking water standards (5-10 µg/L) can be achieved by using these particles. These low-cost, 
natural, or recyclable waste materialsappear to be promising adsorbents for selenium removal after their surface 
modification.
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CLAY MATERIALS FROM FOUMBAN (WEST, CAMEROON): 
CHARACTERIZATION AND VALORIZATION IN CERAMIC PRODUCTS
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Since a decade, Cameroon (Central Africa) has been developing a national strategy in the promotion of local raw 
materials for the infrastructure and habitat. The acquisition of scientific knowledge on those materials especially 
clays and clayed materials represents a main challenge. In this way, common clay deposits from five localities 
some 50 kilometers around Foumban (West Cameroon) were investigated for their morphological, mineralogical 
and geochemical properties to determine their suitabilityfor ceramic applications.

The analytical results were obtained by X-ray diffraction, X-ray fluorescence spectrometry, Thermogravimetric 
Analysis. In the Koutaba, Bangourain, Marom, NJindare and Njimom localities, two types of clayey materials 
were identified: an homogeneous clayey layer “lateritic residual clay “ in the upper part of a laterite cover on in-
terfluves; and a clayey heterogeneous hydromorphic material “ alluvial clay” in valleys. At Koutaba and Njimom, 
the residual clays appear at the foot of hills, but the alluvial clays occur in the flat valley. At Bangourain, alluvial 
clays outcrop on both sides of the Monoun shore and in the Koutoupi valley. At Marom and Njindare, pockets 
of clays were identified in a valley and at the foot of hillsides. The mineral composition of the Foumban clayed 
materials is kaolinite (25-84%), illite (0-18%), smectite (0-31%), and chlorite (0-8%), associated with quartz (2-
44%), K-feldspars (0-27%.), plagioclase (0-26%), goethite (0-9%) with traces of rutile and hematite (≤5%). The 
geochemical analysis shows arelative large amount of SiO2 (45-71%), Al2O3 (14-31%), and low Fe2O3 (<11%). 
Their physical features (variable grain size distribution and plasticity index) reveal the moderately plastic, plastic 
to highly plastic character. 

Most of clays studied here could be used to build ceramic products such as bricks (refractory or not) and tiles. 
Dry ceramic tests on fired cylinders fired at temperatures between 900-1200 °C indicate that some raw Marom 
and Koutaba samples may be used in the manufacture of solid fired bricks and tiles. Quartz rich clays and poor in 
fusible elements must be amended to obtain a good quality final product at temperatures below 1100 °C. Moreover, 
the Koutaba residual clays appear suitable in the development of semi-refractory and refractory bricks to enhance 
artisanal furnaces in local technology transfer centers.

Keywords: West-Cameroon, raw clays, construction material, mineralogy, geochemistry, ceramic.



Scientific Research Abstracts
Vol. 7, p. 816, 2017
ISSN 2464-9147 (Online)
XVI International Clay Conference | ICC 2017 | Granada, Spain
© Author(s) 2017. CC Attribution 3.0 License
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Titanate nanosheets (TNS) are easily synthesized from titanium alkoxide and tetraalkylammonium in liquid phase. 
TNS made by this method have uniformed shape, high water dispersibility, and the property of photocatalyst. But, 
the application of liquid-phase-synthesized TNS were rarely reported. So, in this presentation, we will introduce 
the application of TNS by supporting or substitution.

We tried to afford a new function to TNS by the supporting other metals onto TNS. By the photodeposition method 
using TNS dispersion and lanthanide oxides (Ln2O3: Ln = Sm, Eu, Tb and Dy), we obtained the fluorescent TNSs. 
The mainly supporting reaction mechanisms were same as conventional photodeposition methods. But, the TNS 
and Ln2O3 were present in liquid phase and solid phase, respectively. Lanthanide supported TNS (Ln/TNS) also 
had uniformed shape, high water dispersibility as same as liquid-phase-synthesized TNS. 

The emission spectra of Ln/TNSs were mostly consistent with those of corresponding Ln3+. The other hand, the 
excitation spectra of Ln/TNSs were different from those of Ln3+. But, all Ln/TNSs were excited by about 300 nm 
UV-light and these emitted the fluorescence. It was reasonable to consider UV-light excited TNS. Based on these 
results, we concluded that Ln/TNSs fluorescence were composed the excitation of TNS, the energy transfer from 
TNS to Ln3+, and the f-f transition of Ln3+. 

Additionally, some transition metals were able to be supported onto TNS by using UV-light, TNS dispersion and 
these metal oxides. The supporting amounts of lanthanide were slightly increased in the presence of transition 
metals. As co-catalyst, transition metals supported on surface enhanced the photocatalytic property of TNS. 

Also, we tried to enhance the photocatalytic property of TNS by the substitution. We replaced parts of Ti in TNS to 
Nb or Ta by the mixing of these alkoxides when synthesis. The sheet sizes of TNSs including Nb or Ta (M-TNS: M 
= Nb or Ta) were little smaller than those of original TNS. M-TNSs could behave as the photocatalyst like TNS and 
lanthanide were supported onto M-TNSs. Lanthanide supported M-TNS (Ln/M-TNS) also emitted fluorescence. 
Emission intensity of Ln/M-TNS were increased more than that of corresponding Ln/TNS. We also observed the 
excitation peak shifted short wavelength with increasing the substitution amount. So that, we concluded that the 
excitation of M-TNSs need more energy, however M-TNSs transfer higher energy to Ln3+ than original TNS.

The photodeposition methods using TNS dispersion and metal oxides is useful to afford or to design various 
functions to TNS. And, by the substitution to Nb or Ta, we can control the photocatalytic property of TNS and the 
excitation energy.

We have investigated the supporting and substitution of liquid-phase-synthesized TNS via the fluorescence of 
Ln/TNSs. Our results showed that the application of TNS were very easy. We think that TNS which have diverse 
properties can be used for other purposes. 
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MINERALS WITHIN K-BENTONITES OF YILANLI FORMATION (LATE 
DEVONIAN-EARLY CARBONIFEROUS) IN NORTHWESTERN BLACK 
SEA REGION, TURKEY: FROM A DISTINCTIVE PERSPECTIVE ON 
DIAGENESIS AND CRYSTAL MORPHOLOGY RELATIONSHIP
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Bentonites (smectite-rich volcanogenic clay rocks) form during early diagenesis as a result of alteration of volca-
nic ashes (tephra), which can be settled down after transportationfor long distances following eruptions. Then, with 
progressive diagenitic conditions during late diagenesis, bentonites may transform K-bentonites due to chemical 
modifications and illitization process. Eventually, K-bentonites turn into metabentonites via low-grade metamorp-
hism (Fortey et al.,1996).

In northwestern Black sea region, Turkey;K-bentonite successions are exposed within the limestone-dolomitic 
limestone successions of the Yılanlı formation which are deposited on within the Upper Devonian-Lower Car-
boniferous shallow carbonate platform of the Zonguldak terrane. These yellowish-brown and gray-green colored 
K-bentonite horizons also involveheavy minerals such as iron disulphides (pyrite, marcasite ?) and monosulphi-
des(pyrrhotite). 

Based on the Scanning Electron Microscopy coupled with Energy Dispersive X-Ray Spectroscopy (SEM-EDX) 
analysis, iron sulphides within the K-bentonites and their intercalated dolomitic limestones reveal various types 
of crystal morphologies such as; platy-hexagonal, cubic, and/or prismatic. On the strength of both SEM-EDX 
and X-Ray Diffraction (XRD) studies of these sulphide minerals, it is observed that some pyrite crystals present 
pseudo-hexagonal crystal morphologies. It is suggested that this pseudomorphism can be explained bythe mineral 
transformation of precursor hexagonal pyrrhotite to pyrite during prograding diagenesis (Sweeney & Kaplan, 
1973). During diagenesis, pyrrhotite can be metastable in the presence of excess H2S and may transform into pyrite 
(Berner,1967). 

In light of this preliminary examination, it is suggested that there may be a relationship between changing diage-
netic conditions and crystal morphologies of iron sulphide minerals found within the K-bentonites. In conjunction 
with illite crystallinity index (KI), the morphological transformation of the sulphide crystals could be used as a 
meaningful tool for interpretaion of prograding diagenetic evolution of the sedimentary basin in which K-bentonite 
bearing successions were deposited. 

Keywords: K-bentonite, pyrrhotite, pyrite, Yılanlı formation, diagenesis, illite.
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Layered double hydroxide ([M2+
1-xM

3+
x(OH)2](A

n-)x/n, M
2+: divalent metal, M3+: trivalent metal, An-: nth-valent anion 

species; abbreviated as LDH) is one of the promising materials applied to waste water purification by absorbing 
harmful anions via anion-exchange reaction. In our or other groups’ previous works, it was revealed that specific 
anion can be adsorbed by LDHs and anion selectivity can be controlled by chemical compositions which are kind 
of metal species and ratio of metal species [1]. This selective adsorption behaviour can be applied to sensing de-
vices. However, to apply LDHs to sensing devices, detection of anion spices by simple method have to be invested 
to LDHs. Luminescent property is one of expected candidate ability for anion sensing because luminescence 
properties strongly depends on their surroundings. In this research, luminous rare-earth doped LDHs were syn-
thesized for investing luminescent properties to LDH. In these LDHs, anion exchange site, which would be M3+, 
was substituted by rare-earth ion, and then the effect of incorporated anion species in LDH toward luminescent 
properties were investigated. 

[Mg2/3Al(1/3-z)Tbz(OH)2](CO3
2-)1/6 • yH2O (abbreviated as LDH:Tbz, z = 0 - 0.045) were synthesized by the hydro-

thermal method at 140 °C for 24 hours according to a literature, and urea or hexamethylenetetramine was used 
[2]. LDHs incorporatingeachanion (Cl-, F-, I-, NO2

-, NO3
-, SO4

2-) were prepared via anion exchange reaction [3]. 
Evaluation of the obtained LDH was carried out by XRD, FT-IR, ICP-AES and emission spectrum measurement.

XRD patterns and IR spectra of obtained powders were measured to confirm the formation of LDH and incor-
porated counter anion. XRD patterns of all of synthesized LDH agreed with the typical diffraction pattern of 
[Mg2/3Al1/3(OH)2](CO3)1/6. Thus, it was found that the present hydrothermal synthesis method gave us the LDH:T-
bzless than z = 0.045. Moreover, the absorption band ascribed to C-O vibration of carboxyl ion was observed at 
about 1350 cm-1in IR spectra of all LDH:Tbz. From ICP-AES measurement, the molar ratio of Mg2+ : (Al3+ + Tb3+) 
was estimated, and then, this molar ratio was almost constant as about 1.83:1, even when Tb3+ content was varied. 
Thus, it was found that the LDH:Tbz with carbonate anions could be synthesized by the present method. Moreover, 
the present LDH:Tbz exhibited the green emission from Tb3+doped in Al site in LDH skeleton structure.

From emission spectra of LDH:Tb0.003 with various incorporated anion species, it was found for the first time that 
emission intensity from Tb3+ doped in Al sites could be influenced by anion species incorporated in LDH interlay-
er space, and then, the order of emission intensity was CO3

2->Cl-> SO4
2-> F-> NO3

-> NO2
-> I-. Thus, these results 

indicate that LDH:Tbz is expectable as anion detector.

[1] Miyata S. (1983). Anion-exchange properties of hydrotalcite-like compounds. Clays Clay Miner., 31, 305-311.
[2] Chen N., Li F., Yu G., Wei J. (2012). Eu-doped Mg-Al layered double hydroxide as a responsive fluorescent material and its interaction 

with glutamic acid. Spectrochim Acta A., 96, 1005-1011.
[3] lyi N., Sasaki T. (2008). Decarbonation of MgAl-LDHs (layered double hydroxides) using acetate-buffer/NaCl mixed solution. J. Colloid 

Interface Sci., 322, 237-245.
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CHLORITE FROM HYDROTHERMAL VMS Fe-Cu-Zn SULFIDE DEPOSITS 
IN THE NORTHERN APENNINE OPHIOLITES (ITALY)

FEdErica zaccarini*, giorgio garuti

Department of Geosciences and Geophysic, University of Leobn, Leoben, Austria 
*federica.zaccarini@unileoben.ac.at

The Fe-Cu-Zn volcanogenic massive sulfide (VMS) deposits associated with the Northern Apennine ophiolites 
of Italy have undergone only weak sub-oceanic metamorphism and contain chlorite in different minerogenetic 
environments: type-1) in sulfide mineralized hydrothermal veins of quartz and carbonate cutting across mafic-ul-
tramafic rocks, type-2) in basalt, gabbro and serpentinite as a result of convective circulation of thermally-modified 
seawater below the sub-oceanic floor, and type-3) as detrital sedimentary mineral accumulating on the sea-floor 
at the venting site of metalliferous brines. Due to its great range in composition chlorite exists over a wide range 
of temperature and pressure conditions. Therefore, chlorite may occur in metamorphic, igneous, hydrothermal 
and sedimentary rocks. On the basis of more than 1000 electron microprobe analyses, chlorite in the Northern 
Apennine VMS deposits reflects the different environments of crystallization, showing changes in temperature, 
interaction with the host rock and composition of the parent hydrothermal fluids. Type-1 chlorite occurring in 
quartz-carbonate veins in basalt is dominated by Mg-Fe substitution, at constant AlVI, and relatively high Mn-Cr 
ratio, similar to the chlorite of type-2 in basalt and gabbro. Type-1 chlorite associated with quartz-carbonate veins 
cutting across serpentinite shows a concomitant substitution of Mg for Fe and AlVI, and high Cr-Mn ratio. Type-3 
chlorite from the sea-floor, stratiform deposits is relatively enriched in AlVI with variable Fe-Mg ratio resulting 
from the mafic or ultramafic nature of the substratum. The Fe-Mg-AlVI exchanges in the octahedral site of the VMS 
Northern Apennine chlorites resemble those of the chlorite from metabasic rocks that crystallized over a wide 
range of metamorphic conditions. This similarity in chlorite composition seams to be essentially related to the 
similarity between the mafic-ultramafic protoliths that have generated both the chlorite in the Northern Apennine 
deposits and metabasic rocks. Other factors, such as seafloor or sub-seafloor environment of precipitation, have 
influenced the temperature of chlorite crystallization, causing an increase of the amount of AlIV, that substitutes for 
Si in the tetrahedral site with increasing temperature. Temperatures obtained from type-1 and type-2 chlorites are 
comprised between 85-360 °C, with more than 90% of data plotting between 200 and 310 °C. In contrast, chlorite 
from sea-floor stratiform ores crystallized at relatively low temperatures, in the range of 50 and 298 °C, with 85% 
of the values clustering at 100-200 °C. Although exchanges in the octahedral site of chlorite, involving Fe, Mg, 
AlVI, and the other minor elements Cr and Mn appear to be influenced by the mafic or ultramafic nature of the rocks 
hosting the VMS deposits, our mineralogical data suggest that the thermometric significance of the investigated 
chlorite is well consistent with the geological constraint of the different deposits. This observation confirms that, 
under the appropriate conditions, the chlorite composition can be used as a reliable geothermometer. The chemical 
composition of the investigated chlorite, in terms of Si contents and distribution of some trace elements, is proba-
bly also controlled by the nature of the mineralized hydrothermal fluids.
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Rb-Sr AND Sm-Nd SYSTEMATICS OF CLAY SIZE FRACTIONS OF 
VENDIAN SHALE, UST’-PINEGA FORMATION, RUSSIAN PLATFORM

tatiana zaitseva*, iGor GorokHov, anton kuznetsov, Galina konstantinova, tatiana turCHenko

Institute of Precambian Geology and Geochronology, RAS, St.Petersburg, Russia 

Upper Proterozoic argillaceous rocks often contain mixtures of non-cogenetic illite minerals with different crys-
tallochemical and isotope characteristics. The end-members of these mixtures could be formed at different stages 
of lithogenesis [1]. 

The <2-µm fraction of shale sample from the Ust’-Pinega Formation was separated into 1-2, 0.6-1, 0.3-0.6, 0.2-
0.3, 0.1-0.2 µm and <0.1 µm subfractions (SF). They were studied by the XRD, Rb-Sr and Sm-Nd methods. The 
most fine-grained SFs (0.2-0.3, 0.1-0.2 and <0.1 µm) include low-temperature 1Md illite and admixtures of 1M 
illite and chlorite. The most coarse-grained SFs (1-2, 0.6-1 and 0.3-0.6 µm) include 1M illite and admixtures of 
detrital 2M1 illite and chlorite. Illites in the fine-grained SFs (0.2-0.3, 0.1-0.2 and <0.1 µm) have high CIS (Crys-
tallinity Index Standard) values complying with the zone of diagenesis. The SFs were leached with 1 N HCl to 
remove mobile Sr adsorbed on the surface and located in interlayer positions of clay particles, or incorporated 
into the soluble accessory minerals such as carbonates and phosphates. Leachates and residues after leaching were 
studied by the Rb-Sr and Sm-Nd methods as well. The Rb-Sr isochron age was determined for each SF using data 
on the untreated subfraction, leachate and residue after leaching.

The Rb, Sr, Sm and Nd concentrations and isotope ratios in the SFs smoothly vary with decreasing clay particle 
size. In the untreated SFs: Sr concentration decreases from 113 to 45 ppm, Rb increases from 107 to 169 ppm, Sm 
decreases from 30.1 to 2.3 ppm and Nd decreases from 150.1 to 13.3. In the residues after leaching: Sr concentra-
tion decreases from 95 to 18 ppm, Rb increases from 106 to 166 ppm, Sm decreases from 11.3 to 1.2 ppm and Nd 
decreases from 71.3 to 14.5. In the leachates: Sr concentration increases from 17 to 28 ppm, Rb increases from 1 
to 3 ppm, Sm decreases from 19.7 to 1.1 ppm and Nd decreases from 82.5 to 4.8 ppm.
87Rb/86Sr ratios in the untreated SFs and residues smoothly increase from 2.749 to 10.123 and from 3.231 to 26.007 
accordingly. 87Sr/86Sr ratios in the untreated SFs and residues vary in the same manner: increase from 0.73989 to 
0.78034 and from 0.74467 to 0.88473 accordingly. Binary diagrams (87Rb/86Sr-87Sr/86Sr, 1/Sr-87Sr/86Sr) are linear.

These relationships together with the XRD data suggest that silicate component in the fine-grained SFs (0.2-0.3, 
0.1-0.2 and <0.1 µm) includes a mixture of two low-temperature illites with different chemical composition. The 
coarse-grained SFs (1-2, 0.6-1 and 0.3-0.6 µm) include a mixture of low- and high-temperature illites. One of 
the end-members (0.3-0.6 µm) in the coarse-grained mixture includes predominantly 1M illite and admixtures of 
detrital 2M1 illite. So the Rb-Sr isochron age for this SF (565±8 Ma) is not real age of diagenesis but it gives an 
opportunity to estimate its maximum limit. The isochron age (539±10 Ma) for the end-members (0.2-0.3 µm) of 
the fine-grained mixture, dominated by 1Md illite, apparently formed at a later stage of lithogenesis and shows the 
minimum age limit of burial diagenesis. The Rb-Sr ages (ca. 460 Ma) for finest SF (<0.1 µm) can be correlated 
with the stage of postdiagenetic transformation of shale.

The work supported by the Russian Foundation for Basic Research (Project 15-05-09095).

[1] Gorokhov I., Semikhatov M., Arakelyants M., Fallick A., Mel’nikov N., Turchenko T., Ivanovskaya T., Zaitseva T. and Kutyavin E. 
(2006). Rb-Sr, K-Ar, H-and O-Isotope systematics of the Middle Riphean shales from the Debengda Formation, the Olenek Uplift, North 
Sibera. Stratigraphy and Geological Correlation. 14(3): 260-274.
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CRYSTALLOCHEMICAL CHARACTERISTICS AND K-Ar 
ISOTOPE AGES OF CRETACEOUS AND PALEOGENE GLOBULAR 
PHYLLOSILICATES (SARATOV REGION, RUSSIA). PALEOCLIMATIC 
AND PALEOGEOGRAPHIC APPLICATIONS

viCtoria krupskaya (1,2), tatiana zaitseva (3)*, olGa dorzHieva (4), elena yakovisHina (2), 
serGey borisovskiy (1) 
(1) Institute of Geology of Ore Deposits, Petrography, Mineralogy and Geochemistry RAS, Moscow, Russian Federation, 
(2) Lomonosov Moscow State University, Moscow, Russian Federation, (3) Institute of Precambrian Geology and 
Geochronology RAS, St.Petersburg, Russian Federation, (4) Geological Institute RAS, Moscow, Russian Federation

Practice of globular phyllosilicates using as a material for paleoclimatic and paleogeographic reconstruction as 
well as for isotopic dating of sedimentary successions has shown that the obtained dates quite often correspond to 
time of early diagenesis of sediments and are close to their deposition age. However post-diagenetic processes can 
produce structure transformation accompanied by loss of radiogenic elements and result in “rejuvenated” ages. 
The complex mineralogical, crystallochemical (XRD, messbauer and IR-spectrocopy, microprobe analysis) and 
isotope-geochronological study of phyllosilicates enables to estimate, whether the crystallochemical and isotope 
characteristic are primary or resulted from post-diagenetic transformation of the mineral structure. This complex 
method was used to assess the peculiarities of the globular phyllosilicates from the Cretaceous and Paleogene 
sands (Saratov region, Russia).

Both Cretaceous and Paleogene globular phyllosilicates belong to glauconite series of interlayer-deficient micas 
[1] and 1Md(600) polytype modification [2]. The differences between the Cretaceous and Paleogene glauconites 
occur mainly in crystallite size which varies from 9-10 nm for the Cretaceous grains and up to 13-14 nm for the 
Paleogene minerals. The content of swelling layers for all samples less than 10%. The results of complex study 
indicate that the minerals formed at early diagenesis and their K-Ar ages (83±2 and 64.0±1.5 Ma respectively) 
close to the ages of sedimentation and hence have stratigrafical significance. Distribution of heavy minerals in 
Cretaceous and Paleogene sands practically unchanged, it can be concluded that the main source of terrigenous 
material hardly changed and was a regular in the Upper Cretaceous and Paleogene. Magnesium content in globular 
phyllosilicate can be used to calculate the average paleobasin temperature. According to [3] the temperature in the 
Cretaceous basin can be estimated about 20 °C, and in the Paleogene basin about 22 °C.

The work supported by the Russian Foundation for Basic Research (Projects 14-05-00297 and 15-05-09095).

[1] Rieder M., Cavazzini G., D’yakonov Y. et al. (1998). Nomenclature of the micas. The CanadianMineralogist. V. 36. P. 41-48. 
[2] Drits V.A., Kameneva, M.Yu., Sakharov, B.A. et al. (1993). Problem of the determination of real structure of glauconites and cognate fine 

dispersed phyllosilicates. Novosibirsk: Nauka. 200 p. [in Russian].
[3] Nikolaeva I.V. (1981). The facies zoning of the chemical composition of glauconite group minerals and the determinant factors. Mineral-

ogy and Geochemistry of Glauconite. P. 4-41 [in Russian]. 
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USE OF BIOMASS FROM OLIVE GROVE AS LIGHTENER ADDITIVE IN 
THE PRODUCTION OF ECOLOGICAL FIRED CLAY BRICKS

montserrat zamorano toro (1), dolores eliCHe-quesada (2), luis pérez-villarejo (3), maría 
martín-morales (4)
(1) Department of Civil Engineering, Higher Technical School of Civil Engineering, University of Granada, Campus de 
Fuentenueva s/n, 18071 Granada, Spain, (2) Department of Chemical, Environmental, and Materials Engineering. Higher 
Polytechnic School of Jaén. University of Jaen, Campus Las Lagunillas s/n, 23071 Jaén, Spain, (3) Department of Chemical, 
Environmental, and Materials Engineering. Higher Polytechnic School of Linares.University of Jaen, Campus Científico-
Tecnológico Cinturón Sur s/n, 23700 Linares (Jaén), Spain, (4) Department of Building Construction, Higher Technical 
School of Building, University of Granada, Campus de Fuentenueva s/n, 18071 Granada, Spain

For some time now, construction industry is focused in the development of new materials that minimise the en-
vironmental impact and improve the insulation of the building. One of the best alternatives is the use of waste as 
additive for construction materials. The thermal conductivity of the fired clay bricks depends on their porosity and 
bulk density. Because of this fact, some studies have been carried out to reduce the bulk density of bricks using 
lightener additives. Organic pore forming additives also possess a high calorific value, that could constitute an 
important heat contribution during the firing process and, in consequence, a reduction of the energy consumption.

Olive leaf, olive pruning and olive wood are agricultural wastes generated largely in all olive regions around the 
world. On the one hand, during the previous cleaning process of the olive from the field to obtain oil, a consider-
able amount of olive leaf is separated, which usually represents 8% of the ground olive. Currently the use of olive 
leaf is limited in livestock feed as well as fuel in power plants. On the other hand, it could be considered that 1 ha 
of olive trees generates an average of 3 tons of olive pruning and olive wood; this waste often is used to produce 
energy in thermoelectric generation process; however, because of the difficulty and high cost of removing it, fre-
quently it is burned or deposited in the fields where it is produced.

Consequently, in the present study residues from olive grove have been used for the manufacture of clay ceramic 
bricks as a new environmental-friendly solution. The influence of the waste type, waste ratio and particle size 
waste on physical, mechanical and thermal properties of waste-clay bricks has been studied and compared with 
clay bricks without waste following standards procedures. For this, the wastes were ground into three particle 
sizes: 0-1 mm; 1-2 mm and 0-2 mm; clay bodies were moulded in pastes with the incorporation of 7.5, 15 and 
25 vol. % of waste; and finally green bodies were fired at 850 ºC. The results indicated that the potential use of 
these biomasses is promising due to the incorporation of organic pore forming wastes produced lightener bricks 
that could be used commercially as low density clay masonry units with lower mechanical properties and higher 
thermal insulating capacity. In addition, the environmental and economic benefits of these wastes utilisation as 
additive in the production of fired clay bricks makes the overall process more attractive.

[1] Dondi M., Mazzanti F., Principi P., Raimondo M., Zanarini G. (2003). Thermal conductivity of clay bricks: the influence of microstructure 
and phase composition. P. Vincenzini and M. Dondi Eds. Faenza.

[2] Agencia Andaluza de la Energía, Consejería de Empleo, Empresa y Comercio (2015). La biomasa en Andalucía. https://www.agenciaan-
daluzadelaenergia.es/
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TECHNOLOGICAL CONSTRAINTS IN WASTE RECYCLING INTO 
CERAMIC TILES AND CLAYBRICKS
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The manufacturing of clay bricks and ceramic tiles is a traditional way for waste disposal, going back at least to the 
1970’s, with an increasing industrial interest and growing number of scientific papers. In fact, this route offers the 
advantage of huge output volumes, high temperature treatment, and widespread industrial plants. In addition, in 
brick-making there is a rather wide tolerance of product and process features, while the tilemakingprocess is ver-
satile and able to accommodate many different raw materials in the body. On the other hand, waste recycling has 
to face disadvantages stemming from technological constraints: e.g., particle size distribution, moisture, plasticity, 
drying sensitivity for bricks; slip rheological properties, compaction and sintering behaviour, colour for tiles. In 
any case, firing takes place with a poor control on chemical reactions of waste with the ceramic body, with possible 
volatilization or solubilization of harmful substances. 

Laboratory testing and full-scale trials have covered a wide range of civil and industrial residues from: water 
treatment and urban solid waste, energy production, mining and quarrying, and the following industries: chemi-
cals and petroleum, metallurgical and metalmechanics, ceramics and glass, textile and tannery, paper and wood, 
construction and building, agriculture and food. Besides the large scientific literature and numerous manufacturing 
experiences, conclusions about recycling of a given waste are often controversial: overall, improved reliability, 
industrial transferability and connection to tile-making and brick-making technology are needed.

The objective of this presentation is to propose a technological approach to assess waste recycling in tile andbrick 
production, involving four fundamental aspects that must be considered every time a residue is introduced in a 
ceramic body, which concern how a given amount of waste may affect the whole body.

1. Technological behaviour during the ceramic process: effect on body preparation, shaping, drying and firing 
stages; maximum addition in the manufacturing practice without intolerable changes of processing conditions.
2. Technical performance and aesthetic appearance of finished products: physical, mechanical and functional prop-
erties with reference to standard thresholds and market benchmark.
3. Impact on human health and the environment: possible cause of solid residues (scrap) and emissions as liquid 
(eluates, soluble salts and efflorescence) or gas (volatilization during firing).
4. Economic sustainability: prospective and consequence of waste addition, including transportation cost, addi-
tional processing steps, energy balance of manufacturing cycle, added value to final product.

Key concepts will be defined and discussed, in particular:

• Role of the ceramic body: the waste behavior in the manufacturing process is changing upon the composition 
and particle size distribution;

• Supply chain gap: a difference between the waste and the body components, in terms of chemical and physical 
requirements, can constitute a hindrance to their utilization;

• Inertization degree: the actual extent of immobilization of waste components into the ceramic body;

• Recommended recyclable amount: maximum percentage of waste that can be added to the batch by meeting 
all technological, technical, environmental and economic expectations;

• Technological profile:summarizing the waste behaviour in the various stages of working cycle and its effect 
on the ceramicproperties, with potential drawbacks and advantageshighlighted.

This contribution is an output of the MATER_SOS project [1].

[1] MATER_SOS, Sustainable materials for restoration and construction of new buildings, POR-FESR Emilia-Romagna 2016-2018.
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DIAGENETIC TRANSFORMATIONS OF SMECTITE, CHLORITE AND 
ILLITE IN PRODUCTIVE CRETACEOUS RESERVOIRS OF THE SOUTH 
GABON BASIN (WEST AFRICA)

Giovanni zanoni (1)*, branimir šeGvić (1), andrea mosCariello (2) 
(1) Department of Geosciences, Texas Tech University, Lubbock, TX 79409, USA, (2) Department of Earth Sciences, 
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*giovanni.zanoni@ttu.edu

The Gabon coastal region located along the equatorial West African continental margin, hosts several sedimentary 
basins with well-developed and prolific petroleum systems whose two key elements (source and reservoir) devel-
oped prior, during and after the opening of the South Atlantic Ocean in Cretaceous time. In this study, we focus 
on the Early Cretaceous Dentale and Gamba Formations in the onshore part of the South-Gabon sub-basin formed 
during the syn-rift and transition to post-rift time respectively. The two formations are both consisting of siliciclas-
tic rocks thought to be accumulated in fluvial and lacustrine environments. The exceptional access to core material 
retrieved at depths of ~1500 m from two wells from these two reservoirs allowed us to provide unprecedented 
information on their mineralogy, geochemistry and thus origin and post-depositional diagenetic processes that con-
trolled the distribution of clay parageneses. The latter is considered to be of high importance for the understanding 
of the basin’s burial history and geotectonic development. Sampled material was analysed by X-ray diffraction, 
automated electron microscopy, and inductively coupled plasma mass spectrometry in order to reconstruct early 
and burial diagenetic variations directing the formation of clay assemblages in the basin. The clay content in 
both cores consists of authigenic mixed-layer minerals like illite-smectite (I-Sm), chlorite-smectite (C-Sm) and 
berthierine-chlorite (B-C) and some minor detrital illite/mica and chlorite. Illite-smectite and C-Sm phase chem-
istry are interpreted as the product of progressive evolution from the dioctahedral(montmorillonite to beidellite) 
and trioctahedral (saponite) smectitic precursors formed out of acid volcanic feedstock during early diagenesis (1). 
Different magmatic fractionation degrees, from rhyodacite to trachyandesite, reflected in the uniform REE curves 
of the volcanic glass conform to an active geotectonic development of the Cretaceous margins of Africa. If this is 
confirmed, this will be the first account of active volcanism recorded during Barremian-Aptian times in the eastern 
coast of South Atlantic. Mesogenesis led to the decrease of smectite and formation of mixed-layered phases; I-Sm 
composition showed maximal burial depths of sediments to be ~1000 m and ~500 m deeper than today for Gamba 
and Dentale sediments, respectively. Besides temperature, a major role in the formation of mixed-layer minerals 
had the porosity of sediments and geochemistry of smectitic precursors. Thus, Fe-Mg smectite showed higher 
thermal stability and lower rates of transformations in non-expanding clays during burial comparedto Al-rich 
smectite(montmorillonite to beidellite). Different burial histories of sediments from the two cores can be attributed 
to rift-related normal faulting and subsequent differential denudation

Finally, the study on clay minerals allowed us to provide accurate description and quantification of pore filling 
minerals, a new controlling factor for log calibration, all of which having a direct impact on porosity calculation.

Overall the findings provide new insights and ideas at regional and reservoir scale that may assist the future explo-
ration and development of hydrocarbons in these two ‘mature’ reservoirs formations.

[1] Zanoni, G.; Segvic, B.; Moscariello, A. (2016). ‘Clay mineral diagenesis in Cretaceous clastic reservoirs from west African passive mar-
gins (the South Gabon Basin) and its impact on regional geology and basin evolution history’ Applied Clay Sciences, 134 (3), 186-209, 
DOI: 10.1016/j.clay.2016.09.032.
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MANUFACTURE OF NON-FIRED CERAMIC WITH HIGH STRENGTH BY 
CEMENT-MIXING AND MECHANICAL DEHYDRATION
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A manufacturing technology for non-fired ceramics with high strength and durability has been developed [1] 
and [2]. It is called the Cement-mixing and Mechanical Dehydration (CMD), herein. Local natural clays, namely 
dredged clayey sediments, are utilized for the CMD. Re-use and re-cycling of dredged materials as building ma-
terials such as concrete blocks bring not only the reduction of disposal cost but also eco-friendly effect to society.

In the CMD, slurry state of dredged clayey sediment is firstly mixed with the stabilizer in which slug cement, type 
B is usually used and then poured into a cylindrical mold (diameter; 534 mm, height; 1000 mm) in order to dehy-
drate the cement-mixed slurry (in this experiment, Kaolin clay was used) by applying high dehydration pressures. 
By applying the high dehydration/consolidation pressure of 5 MPa with this apparatus, non-fired ceramic with the 
unconfined compressive strength of more than 20 MPa is created under a certain condition. This means that it is 
possible to make a concrete-like block from slurry of very high water content. In the CMD, dehydration is one of 
the key of strength increment. When compared with the strength manufactured without dehydration, the strength 
with dehydration is about 4 to 10 times larger under the identical cement content. Since the strength of clay is 
basically proportional to the density of clay, it is preferable to apply as large consolidation pressure as possible. 
For clayey soil, different from sandy soil, electro-chemical effect on strength increase is expected by applying 
high pressure as well. The unconfined compressive strength notably increases in accordance with the decrease of 
the water-cement ratio and close correlation is observed between both parameters. The unconfined compressive 
strength of treated clay is found to be governed by the water-cement ratio, irrespective of clay type and cement 
content. Note that the water-cement ratio is defined herein as the ratio of water against cement in weight after the 
unconfined compression test. The relationship between the unconfined compressive strength, qu, after 28 days of 
curing and the water-cement ratio, w/c, is demonstrated by the following equation [3];

qu = α(w/c)β, where, α =7.76, β = -1.44

It is noted, however, the difficulty of mechanical dehydration exists in the CMD. Low permeable layer is formed 
at the surrounding boundary of drainage and slurry state remains inside after dehydration. From the view point of 
practical application of CMD, dehydration time, say velocity, is very significant, since the uniformity of strength in 
treated clay block strongly depends on the dehydration time. When dehydration is too rapid, uniformity of strength 
cannot be ensured and when dehydration is too slow, the production efficiency will remarkably decrease. To meet 
the designated strength and uniformity of treated clayey soil, the dehydration time as well as dehydration pressure 
and water-cement ratio is so important that time should be determined appropriately. It was found that the dehy-
dration time can be analyzed with consolidation theory.

[1] Kasama K., Zen K., Iwataki K. (2006). High-strengthening of cement-treated clay by mechanical dehydration. Soils and Foundations, 
Vol.46, No.2, 221-232.

[2] Yamashita Y., Zen K., Chen G., Kasama K. (2011). Uniformity and strength property of large dredged soil block by cement-mixing and 
mechanical dehydration. Journal of JSCE, B3, Vol.67, No.2, I440-I444 (in Japanese).

[3] Zen K., Hirasawa M., Kasama K. (2016). Pollutant elution characteristics of contaminated sediment treated by CMD. PIANC-COPEDEC IX. 
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THE CRYSTAL GROWING PROCESS OF SAPONITE: A CRYSTAL 
CHEMISTRY APPROACH
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Smectites are 2:1 type swelling clay minerals and widely distributed in the Earth’s crust. The unique structure and 
properties endow them with various applications in many fields. However, the crystal growth process of these 
clay minerals is poorly known. In this study, we synthesize smectites mixing 2 precursors with defined chemical 
compositions under various conditions and we study the crystal-chemistry of the synthesized smectites to better 
understand the growth pattern of smectite. A series of Ni and Mg-saponite precursors were hydrothermally syn-
thesized under different temperatures (50, 120, 220 °C). The two Ni and Mg-saponite precursors obtained in same 
temperatures were mixed with identical molar weights, and then reacted at 220 °C under autogenous pressure for 
3different periods (3 days, 2 weeks and 1 month). All the precursors, as well as the further synthesized samples 
were identified as saponites by X-ray diffraction analysis (XRD), and Fourier-transform infrared (FTIR) spectros-
copy. The chemical composition of the further synthesized saponites and the distribution of octahedral cations 
reflect the dissolution/ recrystallization process occurring during the hydrothermal treatment. The vOH bands due 
to structural OH allow to probe the octahedral environment. For the precursors synthesized at lower temperatures 
(50, 120 °C), hydrothermally treated at 220 °C, vMg2NiOH and vNi2MgOH bands are observed giving evidence 
of dissolution of Mg and Ni precursors and their recrystallization into Mg-Ni mixed saponites. For the Ni and Mg 
precursors hydrothermally synthesized at higher temperature (220 °C), only vMg3OH and vNi3OH bands are ob-
served, even for the 2 months longer experiment, and no dissolution of the precursors could be evidenced. 

Keywords: saponite, FTIR, crystal growth, crystal chemistry.
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BIOINSPIRED ANTI-WETTING COATINGS AND MAYA BLUE-LIKE 
PIGMENTS BASED ON CLAY MINERALS 
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Inspired by self-cleaning and water-repellent properties of the lotus leaf and the legs of a water strider in the natu-
ral world, artificial superhydrophobic and superamphiphobic surfaces, characterized by high contact angle (CA > 
150°) and low CA hysteresis of liquid droplets, have attracted extensive attention [1]. However, the low mechani-
cal stability of superhydrophobic and superamphiphobic surfaces is the bottleneck we are facing for their practical 
applications. In addition, organic liquids often have high CAs but adhere stably on the surfaces and cannot roll off, 
which means lack of the important self-cleaning property. Moreover, most of the methods for the preparation of 
superhydrophobic and superamphiphobic surfaces are complicated, expensive and limited to specific substrates.

Maya Blue is a famous hybrid pigment composed of palygorskite (PAL) and indigo from the leaves of añil plant, 
which was widely used in mural paintings and ceramic pieces in Yucatan by Mayan [2]. The extraordinary stability 
of Maya Blue against acidic, alkaline and organic corrosions and biodegradation has attracted much attention of 
researchers in the fields of material, chemistry and archeology in the past decades. Inspired by Maya Blue, various 
organic dyes (or pigments) and clays have been exploited to prepare Maya Blue-like pigments. Although the re-
sults are helpful to clarify the host-guest interactions, all these Maya Blue-like pigments show inferior stability to 
ancient Maya Blue. Wettability issues are among the most frequently encountered problems for scientific research 
and our daily life. Wettability of a solid surface (or powder) by a liquid (e.g., water) depends on both surface 
microstructure and surface tension of the solid surface (or powder). Wetting of a solid surface (or powder) by a 
liquid is essential for the interaction and/or reaction between them. Thus, the stability of traditional Maya Blue-like 
pigments may be improved by making them hydrophobic.

Here, we report our recent progress about bioinspired anti-wetting coatings and Maya blue-like pigments based on 
clay minerals [3]. The structure and properties of the coatings and the pigments can be tailored by nanostructure 
and content of the clay minerals. This is the first time that clay minerals are used for the invention of superhydro-
phobic and superamphiphobic coatings. Also, for the first time that the bioinspired Maya blue-like pigments with 
the unique anti-wetting properties are prepared. The coatings and the pigments feature excellent superhydropho-
bicity, superamphiphobicity and extraordinarily high durability owing to the synergistic effects of clay minerals 
and the anti-wetting properties. The coatings and the pigments are prepared via simple methods at low cost, which 
facilitate their large scale production and thus pave the way for their practical applications in various fields.

[1] Chu Z., Seeger S. (2014). Superamphiphobic surfaces. Chem Soc Rev 43, 2784-2798.
[2] Van Olphen H. (1966). Maya Blue: a clay-organic pigment? Science 154, 645-646.
[3] a) Li B.C., Zhang J.P. (2016). Durable and self-healing superamphiphobic coatings repellent even to hot liquids. Chem Commun 52, 

2744-2747; b) Zhang Y. J., Zhang J. P. Wang A. Q. (2016). From Maya blue to biomimetic pigments: durable biomimetic pigments with 
self-cleaning property. J Mater Chem A 4, 901-907; c) Li L.X., Li B.C., Fan L., Mu B., Wang A.Q., Zhang J.P. (2016). Palygorskite@
Fe3O4@polyperfluoroalkylsilane nanocomposites for superoleophobic coatings and magnetic liquid marbles. J Mater Chem A 4, 5859-
5868; d) Fan L., Li B.C., Wang Q., Wang A.Q., Zhang J.P. (2014). Superhydrophobic gated polyorganosilanes/halloysite nanocontainers 
for sustained drug release. Adv Mater Interfaces 1, 1300136.
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Layered double hydroxides (LDHs) are ionic lamellar compounds with anionic exchange capacity and memory 
effect. In this research, industrial waste Red Mud (RM) has been used to prepare RM-LDHs by a calcination-re-
hydration method together with magnesium oxide (MgO). The effects of pre-treatment such as grinding and calci-
nation were investigated to enhance the reactivity of the solid raw materials. Characterisation results showed that 
crystalline Mg2+/(Al3+, Fe3+)-LDHs intercalated with CO3

2- were successfully synthesised and it made up approx-
imately 20% of the product, with brucite (Mg(OH)2) and hematite (Fe2O3) as the main impurities. The as-synthe-
sised RM-LDHs were used as adsorbents to remove Remazol Brilliant Blue R (RBB) from aqueous solutions. It 
was found that the adsorption kinetics fitted the pseudo-second-order kinetic model, and the adsorption isotherm 
was well described by Langmuir model with the correlation coefficient (R2)>0.96. The adsorption capacity of the 
synthesised product was 116.69 mg/g for RBB. This study confirmed that LDHs can be produced from the indus-
trial waste red mud and demonstrated its potential application in wastewater treatment.

Keywords: Layered double hydroxides, synthesis, red mud, waste utilization, dye removal, adsorption.
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Oily wastewater is generally produced by oil spill accidents and industries that process petroleum, metals, food, 
and textiles [1,2]. It was reported that a substantial portion of oil can be present in emulsified form, which is usually 
difficult to separate from the aqueous phase. The presence of emulsified oils in wastewater causes a significant 
environmental concern. Traditional treatment approaches for emulsified oil wastewaters, such as air flotation, 
electrochemistry method, adsorption separation and biochemistry methods, generally are not efficient enough to 
achieve satisfactory cleanup [3]. As a consequence, it is necessary to develop new cost-effective materials and 
technologies that are able to efficiently remove emulsified oil from aqueous environment. 

In recent years, magnetic oil-water multiphase separation technique has attracted considerable attention, in which 
surface modified magnetic nanoparticles (MNPs) are used as the demulsifier. Magnetic iron oxide (MIO) nano-
particles, such as maghemite and magnetite, are often used as the magnetic substrate, because of their low cost, 
low cytotoxicity and good biocompatibility. However, MIO nanoparticles generally should be further modified 
with hydrophobic or amphiphilic substances in order to improve its hydrophobicity or interfacial activity [4-7]. 
As a result, the modified MNPs can rapidly accumulate inside the oil droplet or at the oil droplet surface, thereby 
imparting the emulsified oil droplets with magnetic responsiveness for easy removal under external magnetic field.

In this study, a new class of pH-sensitive and thermosensitive magnetic nanoparticle/clay mineral nanocompositess 
were developed and their efficiencies were evaluated for separation of emulsified oil from aqueous environments. 
The results indicated that both magnetic nanoparticle/clay mineral could potentially be a new class of promising 
and environmentally friendly materials for effectively treating emulsified oil in wastewater.

[1] Chen L, Zhou C.H., Fiore S., Tong D.S., Zhang H, Li C.S., Ji S.F., Yu W.H. (2016). Functional magnetic nanoparticle/clay mineral nano-
composites: preparation, magnetism and versatile applications.Applied Clay Science 127-128: 143-163.

[2] Wang B., Liang W., Guo Z., Liu W. (2015). Biomimetic superlyophobic and superlyophilic materials applied for oil/water separation: a 
new strategy beyond nature, Chem. Soc. Rev. 44 : 336-361.

[3] Bratskaya S.Y., Avramenko V.A., Schwarz S., Philippova I. (2006). Enhanced flocculation of oil-in-water emulsions by hydrophobically 
modified chitosan derivatives, Colloids Surf. A 275 : 168-176.

[4] Ke Q., Jin Y., Jiang P., Yu J. (2014). Oil/water separation performances of superhydrophobic and superoleophilic sponges, Langmuir 
30:13137-13142.

[5] Jiang F., Hsieh Y.L. (2014). Amphiphilic superabsorbent cellulose nanofibril aerogels, J. Mater. Chem. A2: 6337-6342.
[6] Peng H.L., Wang H., Wu J.N., Meng G.H., Wang Y.X., Shi Y.L., Liu Z.Y., Guo X.H. (2016). Preparation of superhydrophobic magnetic 

cellulose sponge for removing oil from water, Ind. Eng. Chem. Res. 55: 832-838.
[7] Chen M.D., Jiang W., Wang F.H., Shen P., Ma P.C., Gu J.J., Mao J.Y., Li F.S. (2013). Synthesis of highly hydrophobic floating magnetic 

polymer nanocomposites for the removal of oils from water surface, Appl. Surf. Sci. 286 :249-256.
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Sepiolite is a naturally occurring clay mineral and microscopically exists in a fibrous shape. The discontinuous 
octahedral sheets in a sepiolite crystal created open tunnels (ca.10.6 Å in width) with the edges of broken bonds at 
either side, additional to channels (pores) in the sepiolite crystal. The fibrous sepiolite crystals usually form loosely 
packed aggregates, which can be unbundled by chemical or physical treatments to give rise to high exposed active 
surfaces. Such treatments can enhance both surface acidity of sepiolite and its availability so as to be used as a 
solid acid catalyst or support [1-3]. The catalytic dehydration of glycerol is a typical acid-catalyzed reaction [4,5]. 
In the search for novel solid acid catalysts for the gas-phase catalytic dehydration of glycerol to acrolein, sepiolite 
clay minerals were activated with hydrochloric acid to produce acid-activated sepiolite catalysts. The effects of 
the activation process on the texture and acidity of acid-activated sepiolite, and their roles in gas-phase catalytic 
dehydration of glycerol to acrolein were investigated [5]. A series of acid-activated sepiolite catalysts were made 
from purified natural sepiolite treated with hydrochloric acid of different concentrations. The acid-activated sepi-
olite catalyst samples were characterized using X-ray diffraction, X-ray fluorescence analysis, scanning electronic 
microscopy, thermogravimetric analysis, N2 adsorption-desorption isotherms, NH3-temperature-programmed des-
orption, Fourier transform-infrared spectroscopy and pyridine adsorption followed by in situ infrared spectrosco-
py. The catalytic performances in gas-phase catalytic dehydration of glycerol to acrolein were evaluated using a 
vertical fixed-bed reactor.

Hydrochloric acid-activated sepiolite clay minerals have proved to be active solid acid catalyst for the gas-phase 
dehydration of glycerol to acrolein. A 92.9% conversion of glycerol, a 59.4% selectivity of acrolein, and a 55.2% 
yield of acrolein were obtained over the sepiolite catalyst activated with a 2 mol/L HCl aqueous solution when the 
catalytic dehydration of glycerol was conducted in a fixed-bed reactor at 320 °C with a feed of 15 wt.% aqueous 
glycerol solution at 0.10 ml/min and air at a flow rate of 20 ml/min. Both the texture and the acidity of sepiolite can 
be altered by the process of hydrochloric acid activation. Such activation had several effects, including elimination 
of a portion of the zeolitic water in the tunnels, part of removal of magnesium and aluminum in the octahedral 
sheets of sepiolite, and the unbundling or unfolding of aggregated sepiolite fibers and even some breakage of the 
Si-O-Si in the tetrahedral sheets of sepiolite. The extent related to the concentration of hydrochloric acid used for 
activation. In addition to the type and the amount, the strength of the acid sites on the sepiolite catalysts can also 
able be tuned by acid activation. The medium to strong Brønsted acid sites from Si—O—H+ and H+ adsorbed on 
the surface were responsible for yielding acrolein. Lewis acid sites could primarily catalyze the formation of ace-
tol. The results also indicate taht for acid-activated sepiolite catalysts, a critical issue is to overcome acid-catalyzed 
polymerization of acrolein and other intermediate molecules and their further carbonization.

(The authors wish to acknowledge the financial support from the National Natural Scientific Foundation of China (41672033;21373185; 
21506188; 21404090)

[1] N. Degirmenbasi., N. Boz., D.M. Kalyon. (2014). Biofuel production via transesterification using sepiolite-supported alkaline catalysts. 
Applied Catalysis B Environmental, s 150-151(9), 147-156.

[2] A. Corma., H. García., A. Primo., A. Domenech. (2004). A test reaction to assess the presence of brönsted and the softness/hardness of 
lewis acid sites in palladium supported catalysts. New Journal of Chemistry, 28(3), 361-365.

[3] H. Zhao., C.H. Zhou., L.M. Wu., J.Y. Lou., N. Li., H.M. Yang., D.S. Tong., & W.H. Yu. (2013). Catalytic dehydration of glycerol to acr-
olein over sulfuric acid-activated montmorillonite catalysts. Applied Clay Science, 74(4), 154-162.

[4] C.H. Zhou., H. Zhao., D.S. Tong., L.M. Wu., & W.H. Yu. (2013). Recent advances in catalytic conversion of glycerol. Catalysis Reviews, 
55(4), 369-453.

[5] C.H. Zhou., G.L. Li., X.Y. Zhuang., P.P. Wang., D.S. Tong., H.M. Yang., C.X. Lin., L. Li., H. Zhang., S.F. Ji. & W.H. Yu. (2017). Roles 
of texture and acidity of acid-activated sepiolite in gas-phase catalytic dehydration of glycerol to acrolein. Molecular Catalysis, in press.
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Clay minerals consist of M-silicate-based nanolayers (M: Al, Mg, etc.) and interlayer cations. Such chemical 
and structural characteristics make clay minerals peculiar in ion exchangeability, swellability and delamination. 

Moreover, both the layer and the interlayer of clay minerals can be chemically tuned by controlled synthesis or 
post-modification. Many approaches to synthetic clay minerals and to modification of clay minerals into functional 
nanomaterials have so far been developed [1-2]. However, most of studies stay on a laboratory scale and the meth-
ods often suffer from considerable difficulty on an industrial scale considering the credentials of the clean produc-
tion and the products of high-quality. We have been developing cleaner approaches to reconstructing, modifying 
and synthesizing clay minerals to produce advanced clay mineral-based materials with improved functionalities as 
catalysts, adsorbents, and hydrogel, aiming at commercialization on a large scale.
(1) The synthesis of synthetic saponite and hectorite must be finely controlled because composition, structure and 
texture all have a pivotal effect on the performances of the resultant synthetic clay minerals. The subtle changes 
of the layers and the interlayer ions significantly influence the surfaces and the edges which provide reactive and 
adsorptive sites. Those changes also affected the exfoliation and re-assembly of the clay minerals. 
(2) It has been known for long that the interlayer space (usually <1 nm in height) can be intercalated with bulky 
organic species. However, the conventional organic modification process consumes a large amount of water and 
brings about much wastewater containing organic compounds. We show that organo-montmorillonite (OMt) with 
high swellability in a hydrophobic medium such as xylene can be successfully prepared by clean and simple mod-
ification of Ca2+-montmorillonite (Ca2+-Mt) with cetyltrimethylammoniumbromide (CTAB) [3]. The results sug-
gested that CTA+ cations and CTAB molecules adsorbed in the interlayer spaces and CTAB molecules adsorbed 
on the external surfaces of OMt synergistically modified the Ca2+-Mt. The gel formation of OMt in xylene was 
related to the distribution of CTAB molecules and CTA+ cations on the external and internal surfaces of OMt, the 
arrangements of CTA+ cations in the interlayer spaces of OMt and the sizes of OMt particles.
(3) Clay minerals can be integrated with biomass to produce clay/biomass-based composites which have wide 
applications ranging from biomaterials to agrochemicals and advanced materials for energy and catalysis, [4]. We 
show that clay mineral-biochar composites can be produced via a facile cleaner pyrolysis process starting from 
two abundant natural Mt and bamboo [5]. Mt acted as a solid acidic catalyst and catalyzed the pyrolysis of bam-
boo powder to biochar and lower the pyrolysis temperatures. Both biochar and Mt contributed to the texture and 
structure, which provided varied surface and various adsorptive sites. The composites prepared from low-cost Mt 
and bamboo can adsorb NH4

+ and PO4
3- from wasterwater and the resultant NH4

+- and PO4
3--laden composites can 

be reused as an effective slow-release fertilizer of N and P. 

(The authors wish to acknowledge the financial support from the National Natural Scientific Foundation of China (41672033;21373185; 
21506188; 21404090)
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Antimony (Sb) mainly exists two inorganic oxidation states of antimonite (Sb(III)) and antimonate (Sb(V)). TheSb 
(III, V) adsorption reactions have been thought to play a critical role in the mobility of Sb in the environment. 
Understanding the variations in the surface speciation of the Sb species is fundamental to prediction of their par-
titioning between minerals and aqueous solutions. Under such conditions, spectroscopic and theoretical calcula-
tions have demonstrated the potential importance of a variety of surface species, but very little is known about its 
sorption behavior and adsorption mechanism. In the present study, the adsorption behavior of Sb(III) and Sb(V) on 
to ferrihydrite was examined as functions of pH, ionic strength and solid concentration. The initial Sb(III) concen-
tration ranged from 10 to 100 umol/L and Sb(V) concentration ranged from 10 to 1000 umol/L. Batch adsorption 
experiments were conducted by adding solid concentration of 0.4g/L with different ionic strength(0.001,0.01 and 
0.1M) of KNO3and the pH varying from 2 to 12. Sb(V) adsorption was favoured at acidic pH and decreased dra-
matically with increasing pH and ionic strength, while Sb(III) adsorption was constant over a broad pH range and 
the ionic strength had a little effect on the adsorption. Adsorption data were modelled using an extended triple-lay-
er model (ETLM) to infer Sb(III) and Sb(V) adsorption reactions and equilibrium constants. The two principal 
reactions of Sb(III) adsorption forming inner-sphere and outer-sphere antimonite surface specieswere found to be 
consistent with the experimental data. Solution pH and ionic strength showed little effects on the adsorption of an-
timonite. The adsorption of Sb(V) was represented by the formation of a monodendate-mononuclear outer-sphere 
and a bidentate-binuclear inner-sphere species. The Sb(V) adsorption on ferrihydrite decreases continuously with 
increasing pH and ionic strength. The predicted model speciation of Sb(V) on ferrihydrite showed that the in-
ner-sphere species increase concomitantly with increasing pH and ionic strength and solid concentration. The out-
er-sphere species distribute over a wider range of pH conditions and are more important at lower ionic strengths. 
Additionally, batch adsorption data from previous studies for Sb(V) on ferrihydrite were reasonably reproduced 
using ETLM with the predicted equilibrium constants. A set of predictive equations for Sb(V) adsorption equilib-
rium constants on ferrihydrite enabled the prediction of the surface speciation of Sb(V) over a wide range of pH, 
ionic strength, electrolyte type and surface coverage.

Keywords: antimony, adsorption, ferrihydrite.

[1] Sverjensky, D. A.; Fukushi, K. (2006). Anion adsorption on oxide surfaces: Inclusion of the water dipole in modeling the electrostatics of 
ligand exchange. Environ. Sci. Technol,40 (1), 263-271.
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[3] Sverjensky, D. A. (2005). Prediction of surface charge on oxides in salt solutions: Revisions for 1:1 (M+L-) electrolytes. Geochim. Cos-
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Drilling operation is part of global process implemented to localize and extract oil and gas lying underground 
from the reservoir. Drilling fluids are one of the most important components in any drilling operation since they 
provide several functions, i.e., removing the cuttings generated by drill bit from the borehole, lubricating and cool-
ing the drill tools, and controlling the down hole formation pressure, etc [1]. Drilling fluids used in practice may 
be classified into two categories, i.e., water-based drilling fluids and oil-based drilling fluids. Oil-based drilling 
fluids exhibit excellent lubricity, high rate of penetration, shale inhibition, wellbore stability and thermal stability 
to overcome some undesirable characteristics of water-based drilling fluids [2]. Hence, oil-based drilling fluids are 
widely used in deep, offshore and high angle drilling operations. 

Drilling fluids are typically shear thinning, thixotropic and strongly thermal dependent. Generally, organo-mont-
morillonite (OMt) are used in oil-based drilling fluids for rheological control. Recently, our previous work[3] 
demonstrated that organo-palygorskite (OPal) is also a suitable rheological additive of oil-based drilling fluids. 
The rheological behavior of oil-based drilling fluids is deeply influenced by the nature and concentration of or-
ganoclays [4]. 

Montmorillonite (Mt) and Palygorskite (Pal) can be considered as 2:1 phyllosilicates, but their structures, mor-
phology and properties are very different. For example, (i) Mt is layered while Pal is fibrous, (ii) the interlayer 
space of Mt is variable while that of Pal is constant, (iii) the cation exchange capacity (CEC) of Mt ranges from 60-
150 mmol/100 g while the CEC of Pal is often less than 40 mmol/100 g and (iv) channels and tunnels exist in Pal 
but not in Mt. These differences contribute to different structural change, rheological properties and mechanisms 
of organoclays in oil-based drilling fluids. 

This work aimed to reveal the differences between OMt and OPal in oil-based drilling fluids. Organoclays were 
prepared in aqueous solution and characterized by XRD, SEM and TEM. Organic surfactants can intercalate into 
the interlayer space of Mt while they can only coat on the Pal surface. Dispersity of organoclays in oil depends on 
the lipophilicity of surfactants and size of organoclays. Dispersity of OPal in oil is better than that of OMt because 
of the nanoscale fibers and crystal bundles of OPal. The basal spacing of OMt varies with the aging temperature and 
surfactants’ size. Exfoliation of OMt contributes to improvement of rheological properties. Big size of surfactants 
lead to large basal spacing of OMt and consequently result in easier exfoliation. The crystal structure of OPal in 
oil do not change with the temperature rising. But high temperature promotes disaggregation of OPal and rheolog-
ical properties. OMt can form “house of cards” structure while OPal forms “haystack” structure. The contact face 
among units in network structure influences the strength. OMt can provides excellent rheological properties of oil-
based drilling fluids. However, high temperature often makes the rheological properties to be deteriorative. OPal 
exhibits excellent thermal stability that keeps rheological properties even aged at high temperatures. Surfactants’ 
polar heads inserting into Pal channels and tunnels is significant for the thermal stability of OPal.

[1] Caenn R., Darley H.C., Gray G.R. (2011). Composition and properties of drilling and completion fluids, Gulf professional publishing.
[2] Amani M. (2012). The rheological properties of oil-based mud under high pressure and high temperature conditions, Advances in Petro-

leum Exploration and Development, 3, 21-30.
[3] Zhuang G., Wu H., Zhang H., Zhang Z., Zhang X., Liao L. (2017). Rheological properties of organo-palygorskite in oil-based drilling 

fluids aged at different temperatures, Appl Clay Sci, 137, 50-58.
[4] Hermoso J., Martinez-Boza F., Gallegos C. (2014). Influence of viscosity modifier nature and concentration on the viscous flow behaviour 

of oil-based drilling fluids at high pressure, Appl Clay Sci, 87, 14-21.
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